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AVIATION 


nu_  coc k riT  of  thi.  Furum. 

The  cockpit  of  d  modern  airliner 
is  an  extraordinary  complex  of  mstru- 
nent',  switchc',  displays,  and  controls. 
To  us  laymen  it  is  mere lv  impressive, 
but  to  the  beginning  pilot  and'or  1  light 
engineer  who  i  s  charged  with  the  re- 
s pons  lb 1 1 1 1 v  of  supervising  every  last 
one  of  these  displays  and  operating 
evers  last  one  ot  these  controls,  it 
represents  a  frightening  and  almost 
impossible  task.  1 o  the  repairman, 
it  represents  a  terrible  problem.  It 
is  not  as  bad  as  it  used  t  o  be,  when 
mar.v  of  the  imt  luarnts  were  driven  by 
a  .able  that  rotated  a  dial,  or  by 
a  tube  which  carried  suction  or  pres¬ 
sure,  and  the  control  devices  operated 
bell-cranks  or  wire'  t  h a  t  ran  over 
pulleys  through  the  aircraft  and  even¬ 
tually  mechanically  actuated  some  de¬ 
vice.  Sow  the  controls  are  generally 
hydraulic  and  the  instruments  actuated 
by  electrical  signals;  this  still  leads 
to  an  impenetrable  mate  of  wires  and 
hydraulic  tube'  behind  the  panel.  To 
the  designer  it  represents  a  frustrating 
task,  for  the  pilot  of  the  future  needs 
tar  more  information  than  he  now  has, 
such  as  the  locations  of  neighboring 
aircraft  and  sensors  for  new  devices 
such  as  the  Ml. ‘s  microwave  landing 
svstem  ;  and  there  simple  is  no  place 
to  put  these  newer  displays  and  controls 
since  the  cockpit  is  now  covered  h'1 
them,  including  the  walls  and  ceilings. 
To  the  s v stems  engineer  it  represents 
a  costly  and  unreliable  system— note 
that  hydraulic  controls  were  a  princi 
pal  cause  of  the  PC-1P  crash  at  Chicago. 

What  is  going  to  happen  is  reason¬ 
ably  clear:  the  controls  will  be  sep¬ 
arated  from  the  displays;  the  displays 
will  be  electronic  solid-state  devices, 
and  thev  will  not  be  dedicated  to  spe¬ 
cific  uses — that  is,  a  particular  de¬ 
vice  can  show  one  kind  of  information 
at  one  time  anJ  a  different  kind  at 
another  time.  Thus,  the  cockpit  will 
have  a  few  CRTs  (cathode-ray  tubes), 
a  panel  of  buttons  and  switches  by 
which  the  pilot  can  select  the  display 
he  wants,  and  a  set  of  control  switches 
and  buttons  not  too  dissimilar  from  the 
present  ones  except  that  they  are  sep¬ 


arated  from  the  displays.  Behind 
these  panels  there  will  be  only  wires, 
because  everything  will  be  electrical 
rather  than  electromechanical  or  me¬ 
chanical  or  hydraulic.  And  since 
everything  will  be  electronic,  mostly 
solid-state,  the  reliability  will  be 
high. 

The  next  generation  of  aircraft, 
the  Boring  'S'  and  the  Douglas 

plane  still  referred  to  as  the  DC-x 
and  the  European  Airbus  A-700  series, 
will  make  some  moves  in  the  above 
directions.  Tor  example,  the  B-?6' 
will  have  a  CRT  for  attitude  and 
another  for  navigation;  the  former 
will  be  Jedicated  (i.e.,  inflexible) 
while  the  latter  will  permit  some  mode 
changes.  It  is  the  next  generation 
of  aircraft,  those  to  be  built  in  the 
l‘*90s  and  operated  in  the  21st  century, 
that  will  have  the  all-electronic 
cockpit.  Meanwhile,  the  only  such 
cockpit  in  the  world  is  in  a  simulator 
at  the  British  Aerospace  Corporation, 
t’k’s  nationalized  manufacturer  of 
aircraft,  in  hrybridge,  Surrey,  a  J0- 
minute  train  ride  west  of  Waterloo 
station  in  London. 

This  simulator  does  not  move, 
and  there  is  no  external  vision  system. 
Some  other  simulators,  especially 
those  utilized  for  training,  have 
both  of  these  aspects  of  verisimili¬ 
tude  to  an  extraordinary  degree. 

Tor  example,  a  simulator  at  NASA's 
Ames  Research  Center  in  Moffett  Field, 
California,  has  six  degrees  of  free¬ 
dom  iup-down,  back-front,  left-right, 
pitch,  yaw,  and  roll),  and  possible 
lateral  motion  of  over  1O0  ft,  to 
reproduce  motion  sensations  realis¬ 
tically,  and  a  three-degree  color 
presentation  on  the  windscreen  of  the 
terrain  in  remarkable  detail,  all  under 
computer  control  so  that  when  the  pilot 
pushes  on  the  stick,  the  cockpit  starts 
turning,  as  does  the  presentation  on 
the  windscreen.  While  such  verisimil¬ 
itude  is  desirable,  it  is  not  essential 
in  the  Weybridgc  simulator,  which  is 
not  used  for  training,  and  it  would 
have  increased  the  cost  enormously. 
Nonetheless,  about  11. S  million  have 
already  been  expended  on  it,  so  one 
could  assume  that  it  is  not  a  trivial 
device,  and  indeed  it  is  not. 

The  basic  cockpit  is  that  of 
a  super  VC-10,  a  British  Aerospace 
airplane  comparable  to  the  Boeing  70?, 
which  is  operated  by  a  crew  of  three, 
namely  a  pilot,  a  copilot,  and  a 
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flight  engineer,  with  space  behind  for 
A  observers.  The  size  and  shape  of 
the  cockpit  and  the  positions  of  the 
seats  and  the  controls  istick  and  rudder 
pedals!  are  identical  to  those  of  the 
datum  aircraft.  But  there  the  resem¬ 
blance  ends.  below  the  windscreen  in 
front  of  the  pilots  is  a  clean,  bare 
panel  m  which  aie  imbedded  seven  CRTs 
and  a  few  warning  lights.  To  the  left 
of  the  left  seat  and  to  the  right  of 
the  right  seat  are  large  sets  of  buttons 
for  controlling  these  displays.  And 
in  the  selling  are  all  the  hut  tons  and 
switches.  Thus,  alt  data  are  m  front, 
all  aircraft  controls  are  above,  and 
the  compute  r  controls  are  on  the  -.isle. 
And  while  the  switches  are  above,  the 
pilot  does  riot  haic  t  o  look  up  to  find 
their  status;  that  infornat ion — which 
switches  arc  on,  which  valves  are  open, 
shi.h  devices  arc  under  manual  as  dis 
tingulshed  Iron  automatic)  control, 
and  the  like — is  a  iso  displaced  on  the 
CRTs  . 

Not  on  1 1  are  the  data  ion  the  dts 
plavs  m  front!  divorced  flora  the  .on 
trols  i above: ,  but  the  flight  lnloraa- 
tion  displays  are  completely  separate 
from  the  engine  and  system,  displays. 

The  flight  information  displays  .onsist 
primarily  of  an  1  AIM  'electronic  alti 
bide  display  indicator!  and  an  l  Ms] 
clcstrnnu  horizontal  situation  in¬ 
dicator!.  The  two  CRTs  on  the  left  are 
used  to  display  these  to  the  pilot,  and 
the  two  on  the  right  show  the  identical 
information  to  the  ...pilot.  The  dis- 
play  arr  flexible,  an!  either  CR1  .an  be 
used  for  either  display.  Thev  tend  to 
•  i  mu  late  ru  sting  displays  s  i  1 .  to 
make  them  more  acceptable  to  j  i lot  s 
used  to  the  cimvention.il  tvpcs.  lor 
example  ,  the  ! AIM  ,  indicated  in  the 
figure,  shows  on  the  center  of  the 
scope  a  picture  vrrv  similar  to  the 
"artificial  horizon"  on  currently 
operational  airliners,  w  h  i . h  is  a 
s-v  rose  ope  dr  i  ver.  electromagnetic  dis¬ 
play  of  a  conventional  symbol  for  an 
ii  r plane  that  rises  or  tails  above  a 
reference  line,  or  tips  left  or  right, 
as  the  airplane  does  the  corresponding 
maneuver.  But  here,  on  the  same  dis¬ 
play,  are  shown  other  pieces  of  in¬ 
formation:  in  the  upper  left,  airspeed, 

both  digitalis-  and  as  representation 
of  conventional  speedometer,  in  the  up 
per  right  the  altitute,  also  both  digi¬ 
talis-  and  conventionally;  in  the  lower 
right  the  vertical  speed  ("rate  of 
climb"!,  in  the  lower  left  some  refer¬ 
ence  speed*,  and  other  information  not 
shown  on  our  illustration.  ti 
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The-  ills!  has  sevetal  modes  avail 
able.  One  shows  a  conventional  compass 
rose  m  the  center  surrounded  by  infoi 
mat  ion  on  radio  frequencies  and  the 
like;  in  the  other,  the  compass  rose 
in  the  center  . -<  replaced  by  a  detailed 
map  which  mav  show  terrain  features, 
navigation  aids,  airfields,  weather, 
location  of  vsther  aircraft,  or  whatever 
other  information  is  available.  The 
'•die  of  this  map  can  he  changed  at 
the  touch  of  a  finger  to  show  a  large 
surrounding  region  or  to  :oon  in  with 
great  detail  on  whatever  is  vers  close. 

One  of  the  central  I'RTs  is  normally 
used  for  thr  engine  display.  lor  each 
of  the  engines,  the  display  shows  ccr 
tain  .lata  in  digital  and  analog  form, 
and  in  appropriate  cases  shows  both  the 
conn. mded  and  achieved  values,  by  means 
of  a  "bug"  that  moves  along  the  scale. 

Thr  use  of  thr  c omput c r - d r i ven  CRTs 
allows  f,,r  some  fascinating  possibilities, 
lor  example,  there  arc  innumerable 
"check  lists"  that  the  aircrew  must 
follow.  Thus,  the  landing  check  list 
has  "wheels  down  and  locked,"  "flaps 
down,"  and  so  forth.  Normal lv  these 
lists  are  written  on  the  "kneepad," 
a  pad  held  in  the  hand  or  on  the  knee 
of  the  copilot  or  flight  engineer,  and 
he  reads  it  aloud  as  the  pilot  confirms 
that  each  item  has  hern  appropriately 
performed  (or  if  the  flight  engineer 
reads  it,  both  pilot  and  copilot  con¬ 
firm!.  Mere  the  check  list  appears  on 
a  CRT,  together  with  an  electronic 
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cursor.  As  the  pilot  checks  off  that 
he  has  performed  the  appropriate  act, 
he  presses  a  button  that  erases  that 
item  and  moves  the  cursor  down  to  the 
next  one.  If  he  wishes  to  skip  an  item 
and  go  on  with  the  rest  of  the  list, 
he  may  do  so,  the  cursor  moving  on  down, 
but  the  item  not  being  erased.  If  he 
then  gets  the  bottom  of  the  list 
and  wants  to  go  on  to  the  next  "page,'1 
he  cannot  do  so  until  he  has  gone  back 
to  the  skipped  item  and  checked  it  off. 

In  case  of  emergency,  the  presen¬ 
tation  of  such  check  lists  can  be  invalu¬ 
able.  tor  example,  there  is  an  "en¬ 
gine  on  fire"  check  list,  which  can 
be  brought  up  easily.  tin  fact, 
although  this  is  not  done  in  the  present 
simulator,  it  could  be  brought  up  auto 
matically  when  an  instrument  indicated 
that  there  is  such  a  fire.)  Appropriate 
pages  from  an  entire  trouble-shooting 
book  can  be  presented,  as  desired  by 
the  pilot  or  copilot  ot  as  seems  de¬ 
sirable  under  computer  control.  The 
davs  of  Mai  I  in  i  -v  .'coeec, 
are  well  nigh  upon  us! 

As  stated,  this  simulator  is  not 
used  for  training,  but  for  engineering 
design  and  assessment  purposes.  The 
general  concept  of  the  CRT- i ns t rumen t ed 
cockpit  had  to  be  checked  out — the  ac 
ceptahllity  of  iRTs,  eye  fatigue,  and 
the  1  ike — and  more  importantly,  various 
design  cons  iderat ions  and  trade-offs 
have  had  to  be  studied.  What  are  optimal 
display  formats  and  character  fonts’ 

Mow  should  night  lighting  he  arranged’ 
Where  should  the  CRTs  be  located  and 
how  large  should  thov  be’  What  infor¬ 
mation  should  he  displayed  where? 

Mow  much  redundancy  is  desirable?  What 
is  the  reliability  of  such  a  svstem? 

Mow  do  people  react  to  it  in  time  of 
stress,  and  how  can  it  be  improved  in 
this  regard’ 

The  tool  for  answering  these  and 
■similar  questions  is  full-mission  sim¬ 
ulation  under  conditions  of  considerable 
verisimilitude.  The  aircrew  is  briefed 
on  a  flight,  usually  London  to  Paris 
or  Paris  to  London,  because  those  com¬ 
puter  programs  have  been  worked  out 
in  detail,  although  the  simulator  is 
eneral-purpose  and  could  be  used  for 
lights  anywhere.  The  crew  usually 
includes  a  project  pilot,  who  works 
for  British  Aerospace,  and  an  assess¬ 
ment  pilot,  who  comes  from  the 
outside— the  airlines,  the  military, 
or  whatever.  Typically  such  a  pilot 
will  be  detailed  to  the  simulator 


for  these  experiments  for  a  period  of 
a  week,  Juring  which  he  will  "fly"  on 
the  simulator  for  several  hours  each  day. 

The  p re  flight  briefing  will  tell 
the  pilot  everything  about  the  flight, 
except  for  the  faults  that  are  going 
to  occur  and  deviations  from  the  orig¬ 
inal  flight  plan  that  will  he  given  to 
him  by  ATC  (air  traffic  control)  while 
he  is  in  flight.  He  will  then  go 
through  a  complete  simulation  in  real 
time;  a  flight  from  London  to  Paris  will 
take  about  an  hour,  including  taxi  to 
take  off  and  taxi  to  the  hangar  after 
landing.  During  all  this  time  he  is  in 
communication  with  the  "tower,"  the 
"ATC,"  and  various  other  people  on  the 
radio,  and  his  instruments  give  readings 
c orrespond ing  to  the  actions  that  he  has 
taken — in  terms  of  position,  attitude, 
speed,  and  the  like.  Thus,  if  he  turns 
his  wheel  to  the  left,  his  1  ADI  will  indi¬ 
cate  the  new  attitude  of  his  aircraft; 
his  |i  MS  I  will  indicate  the  new  heading; 
and  the  navigation  data  will  subsequently 
show  that  he  has  traveled  on  this  new 
h  ead ing . 

In  most  flights,  something  unex¬ 
pected  happens — all  preprogrammed  ac¬ 
cording  to  a  detailed  scenario,  but 
unbeknownst  to  the  flight  crew.  This 
may  he  an  engine  on  fire,  the  failure 
of  a  fuel  pump,  the  sticking  of  a  valve. 

Of  interest  may  be  how  long  it  takes  the 
crow  to  discover  the  failure,  and  how 
thev  react  after  thev  have  d  .  --.covered 
it.  This  research  mav  be  devoted  to 
engineering  questions — how  should  lights 
and/or  sounds  for  warning  purposes  be 
designed’ — or  to  human  factors  questions 
(which  in  England  are  called  "ergonomics" 
questions),  such  as  the  ability  of  the 
aircrew  to  receive  and  process  informa¬ 
tion  under  conditions  of  stress. 

Because  the  UK  is  in  the  consortium 
that  manufactures  the  A-30P  Airbus  and 
its  successors  beginning  with  the  A-310, 
some  of  the  results  from  this  simulator 
have  already  been  incorporated  in  the 
newest  models.  The  major  results,  how¬ 
ever,  await  the  design  of  the  next  gener¬ 
ation  of  aircraft,  which  will  undoubtedly 
have  this  type  of  cockpit. 

In  a  proper  mix  of  simulator  tech¬ 
nologies,  a  facility  of  this  type,  with 
its  multifaceted  capabilities,  is  an 
extremely  powerful  tool  for  the  design 
of  improved  aircraft.  The  US  has  been 
very  successful  in  building  and  selling 
commercial  aircraft  to  the  rest  of  the 
world  (thus  keeping  our  balance  of  pay- 
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ments  deficit  fro»  becoming  catastrophic) 
for  many  reasons,  chief  among  which 
is  that  we  have  had  the  technological 
design  tools,  such  as  wind  tunnels, 
that  enabled  us  to  build  better  aircraft. 
This  author  concurs  with  the  position 
of  British  Aerospace  that  a  simulator 
such  as  this  one  is  an  essential  elc- 
aent  for  any  nation  that  wishes  to  cota- 
pete  in  aircraft  production  in  the 
future.  (Robert  E.  Machol) 


THE  OCEANOGRAPHY  PROGRAM  AT  THE  ROYAL 

^TTiompfr  TvrrrmTr" 

The  largest  group  of  physical 
oceanographers  in  the  Netherlands  is 
in  the  Division  of  Oceanography  of  the 
Koninklijk  Nederlands  Me teo ro log i sch 
Instituut  (k'NWI).  Dr.  R.  I»or  re  stein, 
the  director  of  the  Division,  is  also 
Professor  of  Oceanography  at  the  Univ. 
of  Utrecht.  The  Institute  vs  located 
in  beautiful  Klooster  (Cloister)  Park 
in  DeBilt,  in  the  outskirts  of  the  iitv 
of  Utrecht.  The  park  is  the  former  site 
of  a  aeJieval  cloister.  The  Institute 
is  surrounded  on  two  sides  bv  stately 
old  houses  and  gardens  shaded  bv  tremen¬ 
dous  trees  and  separated  by  winding, 
duck-filled  canals. 

kNMI  is  the  center  for  weather 
forecasting  and  research  for  the  whole 
country.  However,  it  also  has  a  long 
tradition  in  maritime  meteorology  and 
oceanographv  going  back  125  years  when, 
in  1854,  the  Dutch  followed  the  sugges¬ 
tions  of  US  Saw  Hydrographer  Matthew 
Fontaine  Maurv  and  began  to  use  their 
extensive  fleet  of  merchant  vessels 
to  collect  wind  and  current  data.  This 
work  continues  to  this  dav.  Until  20 
'tars  ago  the  Institute  enjoyed  world¬ 
wide  fame  for  publishing  marine  climato¬ 
logical  atlases.  Since  then,  however, 
the  US  and  other  countries  have  taken 
over  the  production  of  the  atlases. 

There  is  no  formal  teaching  at 
the  Institute.  Students  can,  however, 
earn  degrees  in  meteorology  or  physical 
oceanographv  at  the  Univ.  of  Utrecht 
and  do  their  thesis  research  at  the 
Institute. 

The  Dutch  weather  ship  .'w *ulut, 


which  spends  half  its  time  on  station 
at  lat .  06*N  and  long.  2*1  between 
Norway  and  the  Faroe  Islands,  is  at 
times  used  by  the  Institute  for  oceano¬ 
graphic  and  marine  meteorological  re¬ 
search.  In  addition,  501  of  the  avail¬ 
able  ship  time  for  the  new  5000-ton 
naval  oceanographic  survey  ship, 

."h.;  Ty Jun.in,  is  alloted  to  civilian 
oceanography,  of  which  KNM1  utilizes 
about  one  third. 

There  are  eleven  oceanographers 
at  kNMl ,  with  25  supporting  personnel 
in  the  Division.  In  addition,  the 
Division  is  serviced  hv  a  large  com 
putcr  group  and  a  wel 1 -equipped  and 
staffed  instrument  shop. 

The  policy  of  the-  Division  is 
to  select  research  that  is  of  mutual 
interest  to  oceanographv  and  meteor¬ 
ology,  so  that  it  can  take  advantage 
of  meteorological  research  being 
i-arried  out  in  the  same  building  and 
have  direct  feedback  from  it.  The 
Division  is  dedicated  tr>  practical 
applied  research  that  can  be  used  to 
improve  the  services  of  KNMI  in  weather 
forecasting  as  well  as  forecasting 
storm  surges,  residual  currents,  and 
sea  and  swell  in  the  shallow  North  Sea. 

The  development  of  the  Division 
of  Oceanographv  was  stimulated  by  the 
disastrous  storm  surge  of  1955  that 
broke  through  the  dikes  and  flooded 
the  polders  in  a  number  of  places, 
later  stimulation  came  from  thr  dis- 
covery  of  gas  and  oil  in  the  North  Sea. 
kh'MI  now  is  one  of  the  few  operational 
institutions  that  combine  oceanography 
and  meteorology. 

Dr.  E.  Bouw-s  is  studying  the  wind 
and  wave  climatalogv  of  the  very  shallow 
Netherlands  Sector  of  the  North  Sea 
which  is  located  to  the  north  and  west 
of  the  Netherlands.  The  goal  is  to 
determine  the  maximum  wave  heights  that 
will  affect  gas  well  platforms.  From 
a  study  of  wind  and  wave  data  from 
past  storms  hr  has  found  evidence  that 
the  shallow  bottom  (50  m)  decreases 
thr  expected  maximum  wave  heights  with 
a  probability  of  0.0015  (4.4  hours  in 
50  vears)  bv  about  104  from  14.8  m  to 
15.5  ra. 

Bouws  has  found  that  under  ex¬ 
treme  wind  conditions  the  contribution 
of  swell  entering  the  study  area  from 
the  northern  North  Sea  is  of  minor  im¬ 
portance  owing  to  the  shallow  bottom 
topography  of  the  area  from  the  Dogger 
Bank  south.  Interaction  with  bottom 
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topography  appears  to  decrease  the  swell 
height.  This  implies  a  strong  corre¬ 
lation  between  local  wind  and  extreme 
wave  heights.  It  seems  that  bottom 
depth  primarily  governs  the  probability 
of  extreme  wave  heights,  without  causing 
a  clear  distortion  of  the  spectral  shape 
from  that  found  m  deep  water  during 
the  tic  naan  .lONSW'AP  wave  studies  (See 
OSRI.  C-S-’S  hv  F.N.  Spiess  and  f.'.V  .’9- 
-:S3).  One  interesting  result  of  the 
studies  was  the  f ac t  that  with  rela¬ 
tive  lv  high  waves  in  shallow  water, 
the  significant  wave  height  (average 
height  of  the  highest  l/J  of  the  waves) 
i  strongly  correlated  to  the  mean  wave 
period.  It  is  concluded  that  wave 
spec  t  run  tor  extreme  wind  conditions 
.a:i  he  inferred  from  wave  height  only. 

[hiring  the  first  stage  of  the  de¬ 
velopment  of  an  air-sea  interaction 
:  og  rar.  at  KNMI  it  was  realized  that 
ill  .  orvae  l'c  t  a  1  1  v  available  wind  sensors 
have  their  shortcomings  when  used  near 
the  -ea  surface  m  the  sprav  .-one. 

It.  h.A.  fust  was  given  the  task  ot 
ie-.igning  and  constructing  a  last  re 
-ponding  .'•!>  anemometer  ot  fa  t  r  lv  small 
‘i.e  that  would  he  resistant  to  spray, 
-alt  accretion,  ram,  and  wave  action, 
•.'up ,  sonic,  and  hot  wire  anemometers 
-ire  all  vulnerable  to  one  or  no  rc  of 
the  above.  The  principle  of  the  dif¬ 
ferential  manometer  was  selected.  The 
main  problem  to  he  solved  was  to  design 
a  system  of  orifices  m  J-i>  pressure 
heads  that  would  eliminate  most  of  the 
directional  dynamic  effects  of  the 
turbulent  wind  over  the  water  surface. 

Through  a  series  of  theoretical 
studies  followed  hv  reiterative  trial 
and  error  designs  combined  with  wind 
tunnel  studies,  the  pressure  head  de¬ 
sign  shown  in  Figure  1  was  developed. 
(Persons  interested  in  the  design  fea¬ 
tures  may  write  to  Oost  ,  who  has  pre¬ 
pared  a  packet  to  send  to  interested 
persons.)  The  device  is  internally 
pressuriied  so  that  air  is  leaking  out 
of  all  the  holes.  This  makes  it  self 
cleaning  and  prevents  any  sea  water 
or  rain  from  entering  the  holes  in  the 
sensor  head.  Fluctuations  in  wind 
speed  up  to  Hi  can  he  measured  and 
recorded  by  the  complete  instrument 
package. 

The  instrument  is  designed  to  he 
placed  in  a  fixed  position  on  a  boom 
extending  from  a  platform  or  tower  in 
the  sea.  The  platform  selected  for 
field  testing  is  Meetpost  Noordwvk, 
a  former  "pirate"  television  station 


platform  five  miles  off  shore,  now  used 
for  testing  instruments.  This  will 
be  also  used  as  a  radar  platform  during 
MARSES  (an  international  marine  remote 
sensing  experiment)  to  obtain  ground 
truth  on  the  surface  waves  for  compar¬ 
ison  with  wave  data  to  he  obtained  by 
satell  ite. 


Initially  the  wave  heights  will 
he  determined  with  a  resistance  wire. 

The  first  program  will  he  to  determine 
the  Reynolds  stresses  under  various 
conditions  including  measurements  oi 
the  increase  in  stress  when  waves  arc 
breaking.  It  is  also  planned  to  monitor 
the  relationship  between  the  phase  of 
the  waves  and  the  wind  structure  over 
them. 

Mr.  C .  r, .  korevaar  is  a  marine 
climatologist.  The  World  Meteorological 
Organiiation  has  divided  the  oceans 
into  eight  regions  and  assigned  the 
r espons lh i 1 t v  for  collecting  and  dis¬ 
seminating  marine  climatological  data 
to  various  nations.  The  Netherlands 
(KNMI)  was  assigned  the  Mediterranean 
Sea  and  the  southern  half  of  the  Indian 
Ocean.  Yearly  summaries  are  published 
for  selected  areas  giving  monthly  re¬ 
ports  of  water  surface  temperatures, 
air  temperatures,  wind  data,  dew  point 
temperature,  visibility,  weather 
phenomena,  and  surface  waves.  All  of 
the  data  come  from  ships  selected  from 
the  merchant  rarine.  The  program  began 
in  1961  and  is  up-to-date  through 
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l9o8,  It  is  scheduled  to  continue  until 
19*10  when  a  large  atlas  covering  all 
o  t  the  oceans  is  scheduled  >o  he  pub 
1 t  shed . 

Koneraur  is  also  working  on  im¬ 
proving  the  methods  for  ship  routing, 
a  service  routinely  carried  out  at 
k.NMt  for  auch  of  the  I'utch  aerchant 
a.*  i  1  tie  Sleet  'ailing  North  Atlantic 
routes.  The  success  of  this  endeavor 
i'  shown  h»  the  1-irge  number  of  'lups 
voluntarily  using  the  forecasts.  Start 
mg  with  -  ships  in  1  '>  t>- 1 ,  the  n  unbet 
had  grown  in  19’t>  to  more  than  '00 
from  70  companies.  Each  ship  is  given 
a  two-day  updated  routing  forecast 
e ve rvday . 

The  results  of  using  the  forecasts 
arc  best  in  mid-winter  and  are  better 
westbound  than  easthound  because  of 
predominance  of  head  seas  on  the  west- 
‘  ound  leg  compared  to  the  easthound 
leg  when  following  seas  predominate. 

The  best  results  are,  on  the  average, 
n  the  Eu ropcan- Ca r ibhean  routes,  al¬ 
though  there  are  positive  results  on 
other  routes.  The  savings  in  tine 
are  relatively  small,  usually  a  few 
hours  at  most.  The  big  benefits  come 
from  smoother  sailing,  with  less  damage 
to  ships,  equipment,  and  cargo,  and 
greater  comfort  and  safety  t-w  .  rn>' 
an!  especially  passengers.  ;i.<-  results 
vary  considerably  fro-,  'eat  t .  'ear. 
during  summer  they  are  marginal  because 
;  the  usually  prevailing  g-o>!  weather. 
However,  on  an  average,  a  sb.ij  i'  better 
or:  being  routed  rather  than  following 
i  g  r -  a  t  circle  route. 

As  an  offshoot  of  ship  routing 
research.  Kercvaar  has  made  a  s : a  i  i  s 
rival  studs  of  storm  occurrences  in 
the  V-rth  Atlantic.  The  nunbet  d 
.■uteri'.  gales  that  e.  cut  re  !  in  The 
N  r  *  h  Atlantic  north  of  lat.  7'-“\  have 
s -  <  n  estimated  by  u<  ir.g  a  •  <•  1  Ci  t  i on 
f  .Titer u  involving  the  surfu.e 
*  r  pressure  gradient  for  ea, h  day 
:  *  he  period  1  .8  fl  1  to  t  iron  this 

the  dependence  on  the  t  i me  of  .ear 
i-  well  as  the  distribution  and  v  a  r  1  a  - 
?  -.  over  the  vears  have  been  derived. 

At  higher  latitudes  between 
and  i*V  the  number  of  easterly  gales 
per  sear  appears  to  vary  in  a  wav  that 
corresponds  to  a  climatic  fluctuation 
which  has  bren  related  bv  M.C.  Killett 
to  the  8'  -90  year  cy.  le  in  sun  spot 
a .  t  i  v  1 1  v . 

from  five-vear  averages  for  each 
live  degree  band  of  latitude  it  was 
found  that  the  number  of  storms  per 
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year  increased  with  increasing 
latitude.  However,  there  are  great 
fluctuations  at  constant  latitude, 
varying  from  40  storms  per  year  (1881- 
1B8S)  to  less  than  ten  ( 1901  - \( oS)  to 
70  (  19S(>-  1  0  0  )  to  30  ;  1960- 19-’0J  .  The 
mean  Juration  of  storms  at  any  given 
point  was  onlv  1.41  days,  although 
the  actual  duration  ranged  from  one  to 
1 o  Jays  . 

During  the  ocean  wave  -  t  udv  .10NSNAP- 
'  S ,  Oust  n.ije  wind  velocity  measurements 
i i os  one  of  the  fixed  masts  (neediest 
in- .ii  the  Tower  PISA  off  the  island  of 
sylt,  {'.err, any.  He  used  a  trivane  ane- 
-■■..meter  c  alled  V!  •  1  !  That  !.ad  been  de¬ 
signed  and  built  at  NNM1 .  The  anemom 
e  t  <•  r  consists  of  propeller  and  toroi¬ 
dal  vane  that  i s  :n-o  to  turn  and  to 
Tilt  up  to  T  iron,  the  vertical  I  I  l  g . 

.  It  is  similar  to  the  US  Gill  t  r  l  - 

•..me.  It  senses  tiie  three  components 
•  f  The  wind.  Data  ! i on  this  experiment 
ne  new  1-eitig  worked  up  bv  his  collab¬ 
orator,  Mr.  r".  ktatin.  Prior  to  the  wind 
••tudv  off  sylt,  kt  anii  had  spent  a  good 
Teal  of  tire  in  evaluating  the  infrared 
thermometer  as  .m  airborne  instrument 
;.  letermine  sea  sutface  temperatures. 


from  l^'c  to  19'S  ten  experimental 
flights  (with  a  Barnes  PRT-5  infrared 
radiation  thermometer  mounted  on  a  1X73) 
were  carriej  out  in  various  seasons  in 
a  1 00  km  *  7(i  km  are*  adjacent  to  the 
Netherlands . 

He  wrote  a  100-page  report  on  the 
problems  of  calibration,  interpretation 
and  the  necessary  corrections  (KNMI  W.R. 
*7-S).  The  report  is  written  in  Dutch 
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but  has  an  extensive  summary  in  English. 
Krann's  basis'  conclusion  was  that  with 
proper  care  the  J is t r lbut i on  of  the 
sea  surface  ("skin")  temperature  over 
the  coastal  area  can  be  reasonably 
well  represented  with  a  standard  error 
o f  0.4*1',  in  a  digital  grid  with  mesh 
s  i  : e  of  1.5  km. 

One  of  the  most  important  functions 
of  K  NM I  is  the  forecasting  of  storm 
surges,  i.e.,  higher  tha.i  normal  sea 
levels  due  t o  abnormal  wind  and  alt 
pressure  distributions.  hell-known 
surges  are  documented  back  to  1450 
when  !  0,t>00  people  perished  and 
villages  were  wept  into  The  sea  bv 
a  storm  'urge. 

I'r  .  II.  Timmerman  is  constantly 
working  on  the  improvement  f  -  t  :  r 
surge  forecasting.  In  l‘>st  ,i  storm 
surge  raised  the  sea  level  '.4  -  above 
normal,  and  the  sea  flowed  ,-vei  The 
dikes  i  r:  pans  places  ,  causing  a  great 
deal  of  da-age  to  the  la:  d  an  1  j  rope: tv. 
Afterwards,  *  he  main  dikes  were  :  il'fd 
bv  an  average  of  1.  '  -  at  a  o''l  o t 
t  w  e  n  t  v  billion  guilders  51'"'  million 
a inch!  . 

Prior  to  the  flooding  in  the  1  ■ f- 
■  rm  surge,  fore,  ist  •;  we:  e  ba  cd  cm. 

■  rafistls.il  ~e  thuds  .  *  f  c ;  r,  a  t  i  ng 
the  state  of  the  water  due  to  Icual 
winds  with.tr.  the  V  rfh  sc.i,  Since  that 
time,  the  f  '  i e  c  a  s  t  s  have  been  based 
-•re  and  mote  on  phvs  is  a  1  i  e  1  at  ions),  1 1  s 
and  the  effects  of  surges  external 
to  the  North  'oa  that  , omc  into  *hr 
North  Sea  around  the  northern  tip.  of 
s.otland  and  travel  south  to  strike 
tie  Ne  t  hr  r  1  a  ■'.  !  ■  .  .ot  as  long  waves. 

\*  first  the  esteim.il  surges  were  whojjv 
1 1  t  r  ;  b  ;  t  e  d  •  win!  s • r  e  s s  •  >  v  e i  the 
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f  i  r  these  external  'tom  surges. 

At  the  present  time,  54-hour  op¬ 
erational  storm  surge  toreca  t'-  are 
made  everv  six  hours  for  si*  pi  ints 
along  the  Netherlands  coast.  The  ex¬ 
ternal  surges  can  be  seen  in  tidal 
gauge  records  as  they  come  into  and 
travel  through  the  North  Sea.  They 
are  first  seen  in  tidal  records  at 
Wick  near  the  northern  *ip  of  Scotland, 
whish  gives  the  Dutch  a  10 -hour  advance 
warning  of  an  external  surge. 


The  most  important  tool  of  the 
forecasters  is  the  surface  pressure 
field  that  is  generated  by  the  kh'MI 
four- layer  model.  brom  this,  the  ex¬ 
ternal  surge  i aused  bv  pres-ure  can 
be  forecast  directly.  Then  the  surface 
wind,  distribution  derived  from  the  sur¬ 
face  pressure  field  is  u-id  to  forecast 
the  external  surge  caused  by  wind  stress 
and  the  set  up  caused  by  local  wind 
stie-s  within  the  North  Sea. 

Vest  of  Timmerman's  present  efforts 
are  centered  on  imp  ruling  the  accuracy 
of  the  forecasts  foi  the  surface  pres¬ 
sure  field  ovei  the  North  Sea  and  ex¬ 
ternal  urge  development  area  west  of 
Si  ot  1  and  . 

P.  krusenan  and  (I.V.  Prangsma 
are  primarily  interested  in  the  temper¬ 
ature  distillation  in  the  near  surface 
!  isers  ,--f  the  ocean.  Their  main  inter¬ 
est  is  am.  endeavoi  to  model  the  near 
■  i!  fail-  mixed  laser  and  seasonal  thermo- 
'.  i  ■  •  .  The  prime  reason  fet  this  re- 
o.iic.h  :  the  influence  of  the  sea  tem¬ 
perature  on  the  weather 

Pi  ar.gsma  and  krusenan,  along  with 
-..civ  other  met  i-t'i  olog  i  st  s  and  eceanog- 
:  iphets,  arc  Convinced  that  one  of  the 
lev.  to  improving  long  range  weather 
;  redaction  lie-  in  a  better  understand- 
r.c  ot  the  r e 1  a t i on sh i p  between  weather 
•cd  sea  •  -.it  fax  r  tempo  ature  ?  SST  '  and 
t  he  depth  of  the  nea  r -surf  .'ice  mixed 
liver.  They  believe  that  these  param 
iters  will  provide  a  direct  input  into 
meteorological  forecasting  in  the  future 
The  response  t.mr  to  cooling  of 
the  mixed  layers  is  several  months  to 
halt  .i  •.  eat  in  winter.  Any  major  or 
rapid  temperature  change  in  the  mixed 
l.iye:  at  a  given  location  is  iiue  to 
idvectie:,.  In  suramoi  the  response 

of  the  Nsf  decreases  to  about  five 
the  leedb.nl  to  the  atmosphere 
md  t  •  <  -hole  ,  an  i  sm  of  the  heat 
ex.h.mge  with  the  atmosphere  is  changed 
'  :  or.  t  ha  t  of  w  ;nt  e  i  . 

k\Mi  has  ■  .Mind  that  med  i  um- rang  -■ 
weather  f  o  t  Ox  a  s  t  i  r.g  using  analogue 
methods  tends  to  be  better  in  winter 
and  summer  than  in  spring,  when  the  time 
of  development  of  near -surface  thermo- 
cline  is  very  uncertain,  and  in  fall 
at  the  time  that  autumnal  overturning 
begins  to  erode  the  seasonal  thcrmocline 
Ocean  frontal  zones  are  very  im¬ 
portant  in  winter,  as  their  position 
may  vary  by  as  much  as  50  km  in  rela¬ 
tively  short  times.  One  example  under 
study  at  KNMI  is  the  polar  front  between 
the  northeastward  North  Atlantic  Current 
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and  southward  flowing  polar  water  1:1 
the  So  rw  e  g  1  an  Spa  ru-ar  Ocean  heather 
■'tat  ion  Mike  lt'h*Sp  * !  I.  Th.  1  -  front 
.  nes  to  the  surface  in  winter,  with 
1  sharp  t  e»;  c  ra  t  u  t  e  dll  lemur  sloping 
!  w:i  irua  the  surface  un>ler  the  waits 
water.  IHi  ring  the  summer  the  front 
-  t  a  e  s  at  the  sutta.e  hut  shows  u|'  in 
,  \ sections  as  an  ahiuj't  1  Liner  in 
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*  r  r.  r  ■ .  T 

!  ISO  .  nr  r  en  t  ~ e t  e 1 s  u .  t  e  -  e  a  r  h 
worker'  f  r  *  institutions  it;  He  1  g  iu~  , 

:  irk  .  !  ranee,  ettjnv  ,  Si  rwjv,  W <-  ! e ■  > 

r  :  r  •  e  !.'k  with  ?  he  purposes  f  >fe: 

“  1  n  i  n  C ’  !■  the  genera!  pattern  o ! 

average  rrsi.liai  ,  nr  rent  s  ir,  the  North 
•  ra,  1  the  in  on*  budget  o!  water-. 

• :  the  North  Sea,  an!  '  the  ;  h  s  1 ,  -. 

'  r  the  various  ways  that  rest  •  ■  J  ,  a  •  • 
rent  S  are  driver,  in.  the  Not  f  *  '1, 

V-  i  result  1  earlier  work  ;■  l  i¬ 

tre  ‘■'N'OVP  ' r-  itii.lv,  it  was  dr tr reined 
that  e  t  e  o  r  o  1  o  g  1  ,  a  1  n,  d  ;  t  i  e.  s  ,  es;  e 

.  rails  wind  stress,  are  the  rot  inj! 
tant  factors  1  r.  causing  the  residual 
.  irrer.fs  in  the  North  sea.  This  1 
;  1  r  t  1  c  u  1 .1  r  1  y  true  whenever  the  win!-, 
are  relatively  strong  and  persistent. 

T  n  •  e r  v.  t  1  or.  between  *hr  tides  an  d  t  r 
regular  button  topographs-  art  also 
.  r.i'f  residual  currents,  particularly 
m  the  shallower  water  and  areas  with 
rough  topograph'-.  The  latter  residual 
components  nav  he  of  a  relative  impor¬ 
tance  during  periods  of  low  winds  or 
.alias  ( F.'M  s3-":T9M  and  nay  varv  spa¬ 
tially  with  variable  hot  ton  topography. 
Paring  these  period*  relatively  snail 
components  of  the  residual  currents 
. aused  hv  eiternal  (oceanic)  effects 
or  density  driven  currents  may  assume 
inport  ance. 


In  other  experiments  Klepraa  has 
found  evidence  o!  semi -pc  1 s 1 st cut  spa 
f  t  .1 1  variability  in  the  lorn  o  1  eddies 
in  1 es  1  Jiul  cut  rents  m  cel  tain  aieas 
1 v  u-ing  data  from  horizontal  arrays 
.  1  .  urient  meters.  lie  believes  that 
these  "  1  vo  :  vii  rddies"  or  "iiozen  tur 
hu  letups"  ale  caused  hv  interaction 
between  cel  tain  features  o!  the  button, 
topograph,  and  eithei  w  ind  -  dr  1  veil  re 
si  dual  currents  01  possible  tidal  cur- 
1  e:-.t  •• .  1'a  t  a  from  closclv  spa.ed  (lion- 

.- on  t  .1 1  1  y  .1  c  urient  meter--  in  shallow 
watei  sofaefie.es  show  large  persistent 

1  1  f  !  e  I  c-.’lc  *  s  if;  I  e  s  I  dll  a  1  .  U  l  I  el.  t  s  , 

i  "  e  ■  (  d  1  !  f  e  I" e  Uc  e  s  ale  attributed  f  o 
'  ft  r  t  ..pogt  apl.v. 

Kic-p:..a  intend-,  t.  .  ontimie  h.s 
tidies  ..!  1  e  s  1  d  1.1 1  c  1 :  1  eii  t  -•  in  the 
V  ft'.  sra#  Jar  the  model  he  .|s<-. 

1  .  ■■  !  i-cii  i.ithei  simple.  The  next  -ft-j 
f  level.;  f  b.  1  e  e  -  .1 :  men  s  i  ,-n.;  1  r.i-.ir  1  - 

-.  ■  I  .If  I  f  fake  in!  .1.  o  -  it!  f  hi  (lint 

'  ■  I  I  a  T  l  !  :  .  a  t  1  on  .  f  he  1  i  •  pun  -*e  ,  •  t 

■  '  ■  N .  it!  <•  a  t  v  a  I  .  o  ii  s  dining  f  •  ■  i .  1-  . 

-  r  '  r  1  1  ev  r  .  that  1  ’  1  •  I  e  u  c  ;  u  1  1 1 

’i.  f ..  i:...  r;  cuti  -.me  the  findings 

•  i  t  1  af.,1  1.1,1  1  tii.  n  the  -hange- 

;  1  b  e  .  panic  M  a  1  -  •  .1  r  t  a.  e  t  he  1  ru  •  line. 

T  *0  !<•  ai<-  it.Jic  at  tons  that  c  t  1 .1 1 1 1  1  c  • 
tin  rr.a-.  also  influence  tidal  as  well 
a  residual  1  cl  rent  > . 

In  summit.,  the  1'ivivion  01  Oc  eating  - 
la;-’..  :  making  rapid  progress  on  a 
l.itgc  -.umber  <i  vr  r .  jt.icfic.al  .ij’pl  ied 
;  ;  o'  lrr.s  that  ale  important  because  bii.I. 

.  t  the  land  behind  tbr  dvkes  is  as  much 
a  »  r.  below  sea  level.  fcavnr  V.  Hurt  1 
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The  1  ;,t  h  meeting  of  the  Toint 
I  M  X  I'M  St'.1'  I  n  t  e  rn  a  t  ;  on  :  1  :  ia.*on  roup 
on  Magnet  ohydrodv  naisi  c  I  lr.  Iriul  Power 
(‘•eneration  was  held  at  UNI  sfO  head¬ 
quarters  in  Paris  April  19~9, 

Attendance  at  the  meeting  included  del¬ 
egations  from  Australia,  Austria,  Prance, 
Hungrv,  Italy,  Japan,  the  Netherlands, 
Poland,  Sweden,  UK.  USA,  and  the  USSR. 

The  meeting  was  chaired  hv  Prof.  Pt . 

I..II.  Th.  Rietjens  f ron  the  Tech.  Univ*. 
of  I indhoven,  in  the  Netherlands.  The 
scientific  secretary  of  the  Meeting 
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-  » s  Pr  .  V,  fhernvshev,  thr  IA1A  leu- 

*  : !  i  c  Sec  re  X  *  rv  to  t  hr  MHP  i.  i  jim'H  i.roup 

Vifnru,  Austria.  The  PM  SVO  st\  rr  • 

?  .1  r  i  .1  r  v  onp  r  i  vfv!  Mr.  Uses  l  .  Me  Pi vr  t  t  , 
tt»r  of  the  P  i  v  i  %  i  on  o  t  Tt  v  hno  1  Og 
.  .  »  '.  Research  m  Higher  !  JiK4t  ion  ot 
V  m  and  Mr.  V.  Aoimih  ot  thr  Research 
:■  l  rii  inrrrinjj  S*.  reruns  of  1’MSiO, 

I  *-  r  first  o  r  Jr  r  of  business  w  a  s 

t  x  o  n  of  thr  site  t  o !  the  "  t  h 

*  •  r  ’  •  •  r  tffU’  r  on  MHP .  I  h  i  rc  i  n  v  i 

*  i  ?  -  *  i  i  b  rr  n  r  r  c  r  l  v  e  J  ,  1  r o m 

V  !hr  !'\  .1  nd  !  t  a  1  v  •  rV  r 

*  ,  »:  National  l  oswit  trr  oil  l  lee 

*  .  i  *  ‘erring  of  thr  Irot  itut  UiJ; 

?  proposed  through,  irj  rrsen 

*  4  t  •.  . »  ‘ '  *  :  .  m  .  Me  s  s  r  r  1  c  t  V at  thr  *.  on 

•  *  «  *  r  l  !  i  *•  s  v  Jnr  »•  ,  Vo  t  M  ll  .1 

J  \  .  I V.  r  Italian  ;  r  "j  o  ♦  .i ) 

«  ,  •  I  .  Nr,.  r  mi  th.it  t  hi 

••  «•••  '•  ■  held  in  !  t  1 1  * 

•  "  •  *  .  *  !  HO,  However,  it  w  a  • 

:  *•  v  >  *  ’  *  r  .  on  f  c  r  c?u  r  V  r  h  r  I  .1 

•  .  !r  .  !  j  t  r  ••  .it  MI  !  .  oi 

.  '  ,  .*■  ,  l  the  sp!  1  ng  o  !  I  •  s  , 

V  ;•  r  opo  ••  r  .1  h  v  It.  *  .  c. 

•  •  •  Pe ;  t  .  o  !  !  ne  t  g  v  , 

.  •  ♦.  .» s  dcui!rd  that  .«  all 
.  e  t  «  :  V»*  sent  m  sept  **\  t 

•  .  *  i!  *  *  <•  !  r  a  .1 1  me  for  receipt 

•  !  i  .  i  »•  :  * '  .  t  :  a c  t  s  hr  1  fir.  I  '*  &  , 

*  .  ‘  •'  ot  the  mtrtfSJt  intial 

:  ,  t»  **;  Mrr  hr  held  during  Irbru 

?  *  ,  .»•».!  that  the  deadline  tor 

*  I  i  ;  a;  <  :  •  Vr  m  April  1 

At  th.;s  point,  progress  m  MHP 
;  wer  •.  or1,  v  r  x  ’•  i  on  in  thr  various  coun¬ 
tries  w  a  •  :r.  ;r*r!  h  v  the  l  i  a  l  s  or.  g  r  oup  . 

Ir'f  .  n .  !.  ?'  i  s  v  h  i  V  o\  ,  of  the  High  Ten 

p  e : a  ?  u  ?  r  Institute,  Mo  s  c  ow  r  e  po  r  t  e  J 
'  n  progress  ;  r;  MHP  energy  conversion 
in  the  ’  1  c  .  \  a  r  i » ’  u  s  experiments  1 1*; 

>  '  l .  ;  ng  i h  m  ♦*.  el  a  r  1  electrode  materials 
were  reviewed,  *'u*  -  !  e  *  v  l  f  i  n  g  was 

the  *  o  pe  r  a  t  i  v  e  research  with  the  • 
ir  which  work  with  Russian  ts  a  g  n  e  t  s  an! 
A^eruan  electrode  walls  as  well  as 
with  Russian  »  h inn e  l  s  and,  Ar  r  r  l  c  an  s  j 
p  r  r  v  <>r.duv  ?  i  ng  nag nets  were  noted.  The 
Russians  indicated  ,:!•*.»•  satisfaction 
with  the  A r lean  superconducting  mag- 
net  system.  In  addition,  the  Russians 
reported  (in  lotnt  work  with  Poland  in 
the  studv  of  cn* I- fired  MHP  instaila 
tions,  with  Bulgaria  in  the  development 
of  h i gh * t ewpc r at ure  air  prc-hraters 
and  the  studs'  of  dust*  laden  flows  in 
an  MHP  channel,  with  Hungary  in  the 
studv  of  diagnostics  of  plasma  in  an 
MHP  channel,  and  with  Romania  in  the 
studv  of  the  properties  of  flows  of 
a  plasma  of  coal  combustion  products. 


furthermore,  joint  Russian- hid i an  work 
was  continued  in  hd'fi  in  the  develop¬ 
ment  of  an  experimental  coal- tiled 
InJian-MHO  install  .it  ion.  At  the  present 
tir.e  the  Russians  do  not  seem  to  place 
g  I  cat  value  on  oxygen  enrichment  o  t 
c  or  hist  i  on  all. 

In  reviewing  the  American  program, 
Mr.  A.  I.,  LiccaiJi  Mi4  Pept  .  o!  Inergv* 
indicated  a  dr-ign  philosophy  strong  Is 
favoring  ox  v  gen  enrichment,  Th*  maiti 
tfirust  ot  the  program  is  leading  to 
the  development  of  coal -filed  MHP  power 
generation  in  V'c-lopO  units,  and 
i T  -eemed  to  this  observer  that  there 
were  tew  doubts  that  t  h  i  *•  oh  j  e  v  t  l  \  <* 
would  he  obtained.  \t  the  present  time 
there  is  a  large  program  in  the  develop 
-•■;it  o  t  s  ah  s  v  clrific  of  the  MHP  power 
*  r  .i :  n  in  various  center*,  around  the 
,  .-nr. !  r  v  •  A  1  s  c' ,  the  Netherlands  i  s 
.  (-operating  with  the  l1''  i  n  a  hlow-down 
.  laiincl  t  a  c  i  1  » t  v  at  the  technical  P  n  i  v  . 
of  J  i ndhot en , 

The  .Japanese  rcp»*rted  through 
Prol,  Yjsutomo  O.awa  of  th e  Pept.  of 
Nuclear  I  ng  meeting  and  h  irrur  at  thr 
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p.  its  of  Jugoslavian  activity  i thr 
%tudv  of  various  MM  I '  components  incln 
ding  superconducting  **iagnet  s  ,  heat  e» 
c hangers,  and  channels  were  received 
along  with  the  news  that  two  generators 
are  in  the  planning  stage.  However, 
the  report  pointed  nut  that  MfP  is 
considered  more  for  industrial  process 
mg  applications  than  power  conversion. 
In  the  future  it  is  expected  that  rtt 
phasic  will  hr  placed  on  using  coal 
as  a  f ue  l , 

The  Italians,  reporting  through 
Prof.  F.  Ncgrim,  disclosed  their  plans 
for  conducting  MHP  experiments  in¬ 
volving  diagnostics.  Also  it  was 
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announc ed  that  the  Italian'  will  be 
cooperating  with  1  mdhoven  on  MHO  'hock 
tube  experiments.  Other  studies  in 
solving  solar  MHO  were  indicated.  A1 
though  studies  involving  liquid  netal 
and  two-phase  Mill'  was  largely  discounted 
hv  the  major  researchers  in  MHO  power 
c on  verst  inn,  it  was  disclosed  that 
there  is  interest  in  solar  MHO  power 
at  the  Ben  Cur  ion  Univ.  of  the  Negev 
m  Israel.  Prof,  Herman  Brannover  of 
that  University  is  conducting  systems 
studies  that  seen  to  indicate  certain 
advantages  along  with  economic  compel 
ltiveness  for  solar  Mill'  power  as  com¬ 
pared  to  more  conventional  forms  of 
solar  energy  conversion.  It  was  also 
reported  that  MIC;'  power  generation  ac 
t  i  v  1 1  le  s  i  n  |  r  jricf  and  in  He  naan  v  are 
presently  in  1 l mho . 

Though  thr  Australians  did  not 
win  in  the  competition  to  hold  the  "th 
International  Conference  on  MHO  lire 
tri.al  Power  (•met  at  ion ,  it  was  indi 
.ated  that  the  liaison  Croup  would  re 
act  favorably  to  an  Australian  proposal 
t  hold  a  specialists'  meeting  on  open- 
e'eie  coal-tired  MHO  m  Svjnev, 

Austral  l  a  in  sept  emhe  t  1  >  t  1  . 

Or.  C.  Rudins  of  the  I'S  Oept,  of 
i  nrrgv  was  r  on  mated  as  an  a  1 1  e  rn  a  t  e 
-.ember  of  the  MHO  1  laison  Croup  and 
chairman  ot  the  1 n t e r n a t i on  a  1  Program 
ommittee  for  the  nest  conference, 
support  for  the  forthcoming  inter 
national  conference  from  I \i A  and 
i'Ni  s»'C'  is  being  sought,  (Martin  lessen 


■NOINEBRINO 


TH(  TH1RHAI.  si  ll  NO  S  AT  TH!  1  C'M.I 

r-'-T.mnrrrr  tttttutt  i  tth  j 

The  Thermal  Sciences  t’lvis  ion: 
i'  the  Swiss  lederal  Institute  of  Tech- 
n ■- 1  s g v  in  I  i.isinne  •  1  Pf  1  I  .insist  of 
the  Institute  of  1 h e rmodsnam i v s ,  the 
Institute  ot  Applied  Thermodynamics, 
and  the  Institute  of  Aerodynamic*. 

T *■ e  Scope  of  the  activities  oi  the  Oi 
vision  include  t  he  rno.lvn  an  1  v  s  ,  mechan 
us  of  fluids,  thermal  machines,  chrm 
i.at  processes,  and  energetics.  The 
Inst,  of  Ther no dv naans  is  under  The 
direction  of  Prof,  1.  Hotel;  the  Inst, 
of  Applied  Thermodvnam ic s  is  directed 
hv  Prof.  Or.  P.  Suter,  The  Chair  of 
the  Inst,  of  Aerodynamics  is  at  pres¬ 


ent  vacant  owing  to  the  untimely  death 
of  Prof.  S .  Couda.  M>  host  during  a 
visit  to  It'll  was  Or.  Rene  llalt  of 
the  Inst,  of  Aerodynamics. 

1  PPL  and  I THI  ( I  ldgenbs \ i sche 
Technischc  Hochschule,  rtirich)  const  I 
tutr  the  Swiss  federal  Institute  of 
Technology.  These  two  universities  were 
discussed  in  a  recent  article  by 
C.  Nyman  (see  .* .  .v 

At  the  Inst,  ot  Aerodynamics  1  saw 
work  hv  Or.  B.P.  Tiuong  on  let  mixing, 
in  which  the  fir  field  from  a  1-cm-dia. 
round  let  of  Reynolds  number  li'.Ol'i-  was 
being  studird  by  laser  Popp  1 e r  veloc- 
meter  techniques  in  an  I  if  tel  tv pc 
tunnel  ot  contraction  ratio  1:10  with 
a  S  .m  ■  5  cm  cross  sec  t  loti  test  sec 

tion  and  a  test  section  velocity  of 
1  C  m/sec.  Turbulent  bursting  in  bound 
in  layers  was  also  being  studied  on 
a  1.8  m  long  flat  plate  in  the  tunnel. 

In  a  supersonic  wind  tunnel  with,  a  test 
s  ev  t  1  on  i  low  v  ret  1  on  o  f  4  i  m  -  10  cm 

and  a  Mach  iiumbei  of  1,8  at  a  stagna 
t ion  pres  cure  of  *  hats,  the  trajectory 
ot  particles  suspended  in  the  flow 
were  plotted  aftei  going  through  an 
oblique  shock  wave.  The  particle  scale 
was  o  f  the  order  of  1  r.  and  consisted 
of  oil  and  latex  droplets.  The  wind 
tunnel  discharged  to  thr  atmosphere. 
Another  wind  tunnel  set  up  for  studying 
t low- induce J  oscillations  had  a  test 
section  *>'  c  a  wide  •  SC  cm  high  and 
velocities  up  to  '  !>  m'sec.  Thr  tunnel 
had  a  (■  - ,  opponent  strain  gauge  test 
mount ing . 

A  project  of  some  intrrrst  was  a 
ho-t  water  driven  supersonic  blow  down 
tunnel.  The  tunnel  had  a  no."  :1c  de¬ 
signed  for  Mach  4  operation  in  the  test 
section,  but  only  Mad;  .' .  I  has  been 
thus  far  achieved.  A  large  boiler  m 
which  water  is  heated  t  o  !■  0  *  l  ’  a  t  S  S 
bars  is  connected  to  the  primary  n o : : 1 e 
of  an  ejector  which  serves  to  move  air 
out  of  the  test  section  of  the  wind 
tunnel.  In  this  manner,  runs  of  the 
order  of  1  minute  in  length  are  obtain¬ 
able  in  a  device  that  is  far  cheaper 
than  the  usual  type  of  wind  tunnel. 

1  r.  another  subsonic  wind  tunnel  de¬ 
signed  for  studying  the  aerodynamics 
of  buildings  and  structures,  the 
atmospheric  boundary  liver  can  he 
modeled.  This  tunnel  has  a  test  sec 
t ion  of  dimensions  *0  cm  in  width, 

1  on  cm  in  height  and  1 o  m  m  length 
in  which  velocities  up  to  15  m/sec  are 
a  1 1  a i nab  1c  . 
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In  the  Institute  of  Thermodynamics , 
Ingmeer  RuJolph  Doblcr  is  studying 
combustion  processes  in  gas  turbine 
combustion  chambers.  In  this  facility 
liquid  hydrocarbon  fuel  is  being  burned 
in  air  at  a  pressure  of  l.S  bars. 

Thr  study  is  particularlv  concerned 
with  the  formation  of  the  various 
nitrogen  oxides.  However,  there  did 
not  seen  to  be  any  means  of  changing 
the  geometry  of  the  combustion  chamber 
or  the  swirl  ratio  of  the  flow.  In 
a  neighboring  facility  a  total  energy 
module  was  under  test  for  the  FIAT 
corporation.  This  module  consists 
ot  a  1-1  iter  automotive  engine  con¬ 
nected  to  a  .’T-kN  generator  from  which 
-ill  heat  is  recovered.  The  fuel  used 
is  methane  produced  from  animal  waste. 
She  unit  is  intended  to  provide  energy 
on  farms. 

In  the  Institute  of  Applied  Ihermo 
dynamics  Mr.  Thorsten  fransson  is 
studsing  transonic  flow  m  turhoma 
chinrrv  cascades.  The  transonic  tun 
nrl  test  section  is  180  bb  high  by 
l do  «s  wide  and  has  a  pressure  of 
1  atm.  Ihc  Mach  number  is  callable 
Iron  0,5  to  1  ,  b  .  Purely  t  w  o- d  imon  ••  i  on  a  1 
flow  can  be  set  up  b>  sealing  the  rv.de 

of  the  plates  against  the  sides  c'  1 
the  wind  tunnel,  but  studies  with 
blades  tip  clearance  c  an.  also  be  cartir.! 
out  . 

The  energy  absorption  in  a  gas 
tilled  with  particles  ‘hr  on  me  con¬ 
taining  graphite:  is  ‘ ring  studied 
in  connection  with  possible  applies 
t ion  as  an  energy  absorbing  medium 
for  a  hrlie'stat.  The  ■mrl  i  ■-  being 
performed  b>  !  ngr.  Sue.li  k  r  l  e  s  r  .  kriesr 
is  also  studying  the  p e r 1 e mane e  of 
in  evacuate!  flat  plate  solar  c  o 1 1 e c 
tor,  the  rrptvrng  and  filling  of  a 
stratified  hot  water  storage  tank  while 
presr icing  the  stratification,  and 
the  setting  up  of  a  multistage  flash 
Je  .  a  I  in t : a t  ion  process  that  could 
perate  with  variable  energy  inputs 
s  i, h  as  solar  energy.  To  function 
successfully  such  a  process  must  pre¬ 
vent  the  overflow  of  sea  water  so  that 
it  doesn’t  contaminate  freshwater  in 
the  freshwater  collectors  and  also 
the  blow-bv  of  steam  to  the  neat  stage 
of  the  flash  process. 

The  foregoing  plus  a  number  of 
interesting  student  exercises  including 
shock  tube  and  one-dimensional  flow 
studies  nade  me  feel  that  a  worth¬ 
while  program  is  bring  developed  at 
the  !  PI  1  .  (Martin  lessen) 


FLUID 

DYNAMICS 


I.  *  INST  I  TUT  Dll  MEf  A.N  IQUE  DCS  FLUIDS  IN 

root  oust - - 

The  Institut  Je  M6cmaique  de» 
Fluldcs  (IMF)  constitutes  the  Depart¬ 
ment  of  Hydraulics  of  the  Ecole  Na - 
t lonale  Suplrieure  de  Flee t rotechnique, 
d  M  lee  t  ron  ique  J  ’  1  n  forma t  ique  et 
J ’HvJraul ique  Je  Toulouse,  which  in 
turn  constitutes  one  of  the  three 

I  coles  Sat lonale'  Supfrieures  of  the 
Inst  1 1  ut  Sat  lonal  Polytechnique  de 
loulouse.  IMF  is  associated  with 

i  SKs  (French  National  Science  Founda¬ 
tion!;  its  director  is  Prof.  J.  Nougato. 
The  personnel  associated  with  this 
Institute  number  114  and  consist  of 

II  professors  and  directors,  2t  re¬ 
search  associates  and  research  assis¬ 
tants,  14  research  engineers,  4b  tech¬ 
nicians  anj  administrators  and  19  stu¬ 
dent  researchers. 

In  a  laboratory  devoted  to  the 
study  ot  transport  in  porous  madia, 

Pr.  Serge  Bone'  JescnbeJ  the  three 
facets  of  the  research  program  as 
studies  of  single-phase  natural  con¬ 
vection,  two-phase  thermomigration, 
and  multi-phase  isothermal  flow. 

In  the  single-phase  natural  con 
section  transport  studies,  a  BrnarJ 
apparatus  with  a  layer  5  cm  thick  and 
SO  cm  a  '0  cm  in  area  is  being  used 
to  study  natural  convection  of  water 
through  a  uniform  sand  hed.  The  con¬ 
vection  is,  of  course,  driven  by  a 
temperature  difference  below  and  above 
the  bed.  Natural  convection  with  the 
bed  in  a  horizontal  position  and  in¬ 
clined  to  the  horizontal  have  been 
stuJird.  It  was  found,  for  instance, 
that  with  the  bed  inclined  to  the  hori¬ 
zontal,  at  first  a  single  convective 
roll  with  its  axis  perpendicular  to 
the  direction  of  inclination  filled 
the  entire  hed;  the  flow  direction 
for  this  single  cell  was  in  an  uphill 
and  downhill  direction.  When  the  con¬ 
vection  was  driven  with  a  higher  tem¬ 
perature  difference,  however,  another 
convective  mode  appeared  in  which  a 
number  of  rolls  were  aliened  with 
their  axes  in  an  uphill /downhill 
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direction.  Single-phase  lln-rnjlh 
driven  natural  convention  was  aho 
studied  in  tall  cylinders  in  which  thr 
aspect  ratio  of  the  cylinder  and  bound¬ 
ary  conditions  on  the  sides  of  the  cyl¬ 
inder  were  varied. 

In  the  two-phase  t hermom ig ra t ion 
research  program,  the  problem  of  auto- 
vaporization  of  a  high  enthalpy  gcothcr 
mu  1  flow  entering  regions  of  low  pres 
sure  is  heing  studied.  This  research 
is  of  importance  in  the  area  of  gcother 
mul  energy  extraction  where  hot  ground 
water  seeps  into  lower  pressure  arras 
close  to  the  surface  and  and  flashes 
into  s  t  e  am . 

In  the  program  of  isothermal  multi 
phase  flow  through  porous  media,  in 
which  the  flow  of  water  and  oil  mixtures 
is  being  investigated,  it  was  found 
that  when  water  is  used  to  displace 
oil  fro-  a  porous  medium,  the  front 
between  the  oil  and  water  is  not  at 
all  distinct,  but  rather  smeared.  If 
frets  such  as  the  preferential  wetting 
ot  a  medium  bv  one  or  the  other  phase 
and  capillary  imhihutions  are  being 
evaluated  with  respect  to  their  effect 
on  oil  recovery.  Such  research  in 
transport  in  porous  media  at  I  Ml  is 
supported  in  large  part  by  the  Institut 
frangats  du  P^trole, 

In  a  laboratory  devoted  t  o  pollu¬ 
tion  studies,  under  the  direction  o< 

[>r.  M.  Al.p.uer,  1  saw  some  interesting 
experiments  involving  the  transport 
of  soliJ  particles  hv  fluids.  In  one 
of  these  experiments,  the  transport 
of  solid  particles  bv  fluids  at  a  sod 
den  enlargement  was  being  pursued,  and 
one  could  note  two  different  scales 
ot  the  circulating  flow  currents.  The 
first  of  thesr  scales  i<  associated 
with  the  sudden  enlargement;  the  second 
with  the  wave  breaking  ot  the  chearing 
laver  at  the  edge  of  The  let  is  cuing 
from  the  small  opening  into  !  tie  large 
chamKer.  In  this  studv  the  trajectory 
of  a  single  particle  was  studied  bv 
data  reduction  from  recorded  T\  pic 
turn ;  thus  thr  observations  of  mans 
particles  virldrd  statistical  transport 
data.  The  motion  of  particulate  matter 
in  swirl  tanks  is  also  under  study, 
in  an  attempt  to  see  how  the  design 
of  such  tanks  could  be  improved. 

Rheological  studies  involving  non- 
Newtonian  flows  of  long  chain  polymers 
in  solution  are  being  conducted  in  a 
Poiscuillc  flow  apparatus,  and  in  cone 
and  plate  rheometers.  In  this  work 
steady  or  pulsed  pressure-driven 


flows  through  a  pipe  arc  carried  out 
to  evaluate  the  effect  of  polymer  sus 
pension*  of  herboxy 1 -met hy 1 -cel lu lose 
.it  the  flow  properties  and  also  to 
evaluate  the  effect  of  aging  on  the 
polvmer.  A  study  is  also  being  con 
ducted  on  the  properties  of  smovial 
fluid  from  the  joints  of  animals,  as 
well  as  aging  effects  on  the  proper¬ 
ties  of  this  fluid.  As  far  as  1  could 
note,  the  rheological  work  is  purely 
experimental,  and  no  microscopic  basis 
for  macroscopic  properties  is  being 
i  lives  t  i  gat  ed . 

There  is  an  interesting  program 
in  turbulent  flow  research  at  the  I  Ml 
under  the  direction  of  I>r.  H,  Ha  Minh, 
This  involves  experimental  work  on 
turbulent  jets  and  wakes,  the  appl  i 
cation  of  turbulent  closure  schemes 
to  "prediction"  of  the  average  flow, 
and  actual  numeric.il  interaction  of 
the  Na v 1 er- St okes  equations  to  give 
some  detail  of  the  turbulent  charac 
tens!  U  C  of  a  flow,  lxperinent.il  work 
on  a  wake  behind  a  cylinder  is  being 
. arried  out  in  a  wind  tunnel  oi  cross- 
section  bO  cm  *  *0  cm,  IbO  cm  in  length, 
with  a  maximum  I  Inc  velotllx  capabll 
i  tv  of  sfsec  ,  This  is  an  extreme  I  v 
1 ow - t ur bu lenc e  level  tunnrl  such  that 
tfie  level  of  turbulence  is  less  than 
the  noise  involved  in  the  hot-wire 
diagnostic  equipment.  The  cvlmder 
producing  the  wake  I'  4  cm  in  diameter. 
Tho  data  from  the  wake  of  the  cvlinJer 
compare  verv  well  indeed  w  if  li  the 
direct  integration  of  the  \a  v  i  e.r  -  s  t  oke  s 
equations  but  dors  not  seem  to  compare 
so  well  wit!  any  «'  f  the  various  tur 
hulence  i locute  models  thus  far  pro 
!  '"ed. 

In  another  apparatus  the  turbu 
lent  diffusion  of  carbon  dioxide  in 
a  let  issuing  from  the  end  of  a  long 
pipe  is  being  studied.  The  pipe  is 
oriented  vertically,  and  flu  let  is 
sues  Jownwards  from  the  bottom  of  the 
pipe.  The  Reynold's  number  of  the 
fully  developed  turbulent  flow  in  the 
p  i  pe  is  S  4  1 000  .  (  ur  i  on  s  1  v  ,  t  tie  let 
emerging  from  the  pipe  begins  to  spread 
immediately  at  the  same  angle  as  that 
of  the  far-field  of  the  jet,  The  av 
erage  velocity  distribution  in  The 
pipe  seems  to  predispose  the  flow  at 
the  exit  to  an  arimuthally  periodic 
disturbance  of  the  same  form  as  that 
of  the  far-field  velocity  distribu¬ 
tion.  When  the  jet  is  turned  off,  the 
carbon  dioxide  spills  out  of  the  bottom 
of  the  pipe  in  much  the  same  way 
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that  a  buoyant  1>  driven  plume  cat rjcs 
from  a  chimney.  The  anting  character¬ 
istics  of  this  carbon  dioxide  plume 
are  therefore  different  from  those  cases 
in  which  buoyancy  effects  Jo  not  pre¬ 
dominate.  Attempts  at  modelling  these 
flows  using  Launder  and  k-i  closure 
schemes  have  been  carried  out  by 
M.  Patrick  Chassalng. 

Numerical  integration  of  the  com¬ 
plete  Navier-Stokes  equations  for  re¬ 
circulating  flows  in  sudden  enlarge¬ 
ments,  rearward  facing  steps,  and  wakes 
have  been  carried  out  by 
M.  times  Martinex  for  a  variety  of 
initial  conditions.  In  the  case  of 
the  wake,  a  fundamental  oscillation 
dominated  the  flow  picture. 

The  IMF  is  pursuing  a  meaningful 
program  of  research  with  vert  capable 
personnel,  excellent  equipment,  and 
extensive  facilities.  The  researchers 
are  very  much  aware  of  the  latest  de 
velopments  in  their  respective  fields 
and  are  contributing  actively  to  them, 
i Mart  in  Lessen ) 
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The  following  is  a  report  of  a 
visit  to  the  Inst  1 1  u  t  de  Mecamquc 
statistlque  de  la  Turbulence  of  the 
University  of  A i x -Ma r ' e  i  1 1 e  ,  one  of 
the  well-known  research  centers  in 
I  ranee,  that  has  been  concerned  with 
statistical  turbulence  for  a  number 
of  years.  Its  director.  Prof.  A.  Favrr, 
who  has  strongly  influenced  the  devel¬ 
opment  of  the  Institute,  has  recently 
become  a  member  of  the  french  Academy 
of  Sc icnces . 

The  details  of  my  visit  were  or¬ 
ganized  by  Dr.  Louis  Fulachier,  who 
is  a  Mtitre  de  Recherche  of  the 
CNRS— Centre  National  dp  la  Recherche 
Sc ient i f ique ,  the  French  National 
Science  Foundation.  Fulachier  grouped 
the  work  of  the  Institute  under  three 
categories:  The  first,  the  study  of 
turbulence  at  low  speeds  with  or  with¬ 
out  heat  and/or  mass  transport,  is 
under  the  direction  of  Dr.  R.  Dumas, 
who  is  also  Associate  Director  of  IMST 
and  a  Director  of  the  CNRS.  The  second 
is  the  study  of  supersonic  flows,  under 
the  direction  of  Dr.  J.  Caviglio.  The 
third  program,  involving  the  study  of 
the  interaction  of  the  sea  and  the  at¬ 
mosphere,  is  under  the  direction  of 


Dr.  M.  Coant  1C.  It  involves  ihc  use  of 
a  gigantic  wind  tunnel  with  a  4(i-m  long 
test  section  providing  .in  interface 
between  a  --m  liter  depth  of  watci  and 
a  5-m  depth  of  wind  moving  over  the 
water.  This  installation  was  discussed 
earlier  by  Bare  lion  (See  f  .  .V 

An  interesting  problem  being  stud¬ 
ied  in  the  program  of  tow  speed  turhu 
lenee  with  or  without  heat  anJ/oi  mass 
transport  is  an  experiment  in  an  liffel- 
tvpe  subsonic  wind  tunnel  with  a  l.’-m 
long  test  section  of  SO  cm  *  So  hi  cross- 
sectional  dimension  that  is  provided 
with  a  plate  for  boundary  layer  studies 
on  the  bottom  of  the  test  section. 

Located  t-m  from  the  lcjding  cJgc  of 
the  boundary  layer  plate  is  a  porous, 
sintered  Alundum  section  that  allows 
suction  and  heating  to  take  place.  In 
this  manner  the  influence  on  the  devel¬ 
opment  of  the  turbulent  boundarc  layer 
of  a  temperature  step  at  the  boundary 
and  of  suddenly  applied  suction  is  stud 
led.  The  length  of  the  porous  plate  in 
the  tunnel  is  2  m.  Ihc  velocity  outside 
the  boundary  layer  in  the  wind  tunnel 
is  1 ;  m/sec.  Data  acquired  in  the  tun¬ 
nel  are  used  to  check  a  thcorv  developed 
be  fulachier  that  purports  to  establish 
a  spectral  analogy  between  temperature 
and  velocity  fluctuations  in  turbulent 
flows.  The  difficulty,  however,  is  that 
turbulent  temperature  transport  and 
momentum  transport  involve  somewhat 
different  mechanisms  in  that  tempera¬ 
ture  transport  fs  limited  to  the  wave 
breaking  region  of  the  turbulent  flow 
whereas  momentum  transport  takes  place 
wherever  Reynolds  stresses  exist. 

In  another  study  involving  the 
turbulent  mixing  layer  with  an  asymmet¬ 
rical  distribution  of  temperature, 
Fulachier  found  regions  of  negative 
production  in  the  flow,  an  interpreta¬ 
tion  of  which  is  that  large  scale  eddys 
lose  their  energy  to  the  average  flow 
field  in  this  situation.  A  similar 
situation  can  occur  in  hydrodynamic 
stability  in  the  ordinary  shearing 
layer  at  extremely  high  Reynolds  numbers 
where  viscous  effects  are  negligible; 
in  this  case  an  e i gen-d l s t urfcance  with 
a  wave  number  outside  of  the  unstable 
range  will  be  damped.  Since  the  energy 
is  not  being  dissipated  by  viscosity, 
it  means  that  the  resulting  Reynolds 
stress  increases  the  average  flow  veloc¬ 
ity  rather  than  retards  it. 

In  another  wind  tunnel  experiment, 
a  5-dimensional  turbulent  boundary 
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layer  on  a  cvlindiic.*!  body  with  blunt 
rounded  ends  is  being  stuJieJ.  The 
(low  direction  is  axial,  and  a  1-m-long 
section  ot'  the  cylinder  with  its  lead 
mg  edge  1  1/J-m  behind  the  roughened 
blunt  nose  of  the  O-cm-d  1  am.  cylinder 
i s  rotated.  The  tangential  velocity 
ot  the  rotating  section  is  approximately 
equal  to  the  axial  flow  velocity  of 
1  m/se.  over  the  cylinder.  The  thick¬ 
ness  of  the  transverse  boundary  layer 
over  the  rot  at  ini;  portion  of  the  cyl¬ 
inder  i'  verv  thin,  being  only  of  the 
order  of  0.0S  mm  in  thickness.  It 
would  seem  that  this  flow  field  on 
the  rotating  portion  of  the  cylinder 
should  exhibit  a  t'.oertler  tvpe  ins  fa 
b  t 1 1 1 v  and  result  in  helical  vortices 
over  the  rotating  section. 

An  interesting  experiment  in  tur 
bulent  flow  in  a  pipe  with  a  wavv  wall, 
where  the  pipe  diameter  is  'S  mm  and 
the  rotationallv  symmetric  wall  wave 
has  a  w axe  length  of  >>  mm  with  an  am 
plitude  of  mm,  is  being  conducted 
in  the  Reynolds  number  range  of  t(',oin> 
to  140, TOO.  The  pipe  length  is  4m; 
turbulence  is  established  at  the  en 
trance  to  the  pipe  by  means  of  a  grid. 

The  mean  flow  observed  in  the  pipe 
is  being  compared  with  the  numerical 
modeling  of  the  turbulence  with  a 
closure  scheme.  cM  course,  the  tur 
hulcncr  causeJ  by  the  grid  at  the 
'pen  mg  of  the  pipe  has  verv  little 
to  do  with  the  turbulence  caused  h' 
the  wavv  wall  and  the  resulting  local 
and/or  global  instabilities.  it  is 
hard  to  see  how  a  closure  scheme  with 
respective  Jata  matching  parameters 
that  would  work  for  this  experiment 
could  applv  to  any  other  situation. 

In  the  program  of  turbulence  m 
supersonic  flows,  C.aviglio  and  coworkers 
have  been  studying  supersonic  wakes 
produced  by  flows  transverse  to  a  c  ir 
cular  cylinder  along  with  rotationallv 
symmetric  turbulent  wake  (low.  Unfor¬ 
tunately,  in  these  studies  the  sire 
■f  the  wind  tunnel  is  such  that  it 
was  not  verv  much  greater  than  the 
extent  of  the  wake,  and  it  could  be 
that  such  large  scale  structures  are 
suppressed  bv  the  geometry  of  the  ex¬ 
periment.  In  the  wake  "near"  fields, 
no  large  scale  turbulent  structures 
were  reported;  it  was  observed  that 
transition  seemed  to  occur  gradually 
in  the  shearing  layer.  It  could  be 
that  with  greater  time  resolution 
(shorter  exposures},  the  large  scale 
turbulent  structure  of  the  shearing 
layers  In  the  near  wake  would  be  re 
vealed.  (Hartin  I.esseni 
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I  recently  visited  two  research 
centers  in  the  Paris  area  whose  primary 
interest  is  the  study  of  oxides,  Ac 
tuallv,  neither  of  these  has  the  word 
"oxides”  in  its  title,  and  there  is  verv 
little  similar  I t\  between  them  except 
that  they  are  both  laboratories  of  ( S R S 
1 i cm ir  National  Je  la  Recherche  Scien- 
tifique  —  the  french  MSP):  The  l.ahora 
toire  Jr  Physique  dec  Materiaux,  whose 
di lector  is  Prof.  d.  Philibert,  and  the 
laboratoire  J'ttude  et  de  'syntheses 
des  Mi c ro s t rue f ure s ,  directed  hv 
Prof.  Max  Paul  us.  Philibert  is  asso¬ 
ciated  with  the  Hn  iv.  of  Paris  X! 

'•’dt1',  but  his  iSRs  laboratory  is  lo 
sated  a!  a  separate  cite,  in  He  1  1 evue  , 

1  ;■  kc  west  id  central  Paris.  c'n  the 
other  hand,  Paulas  i  ••  a  professor  at 
the  institution  that  is  also  the  lo¬ 
cation  of  his  laboratory,  the  I  cole 
Sup<*rieure  de  Physique  et  Chimir  In¬ 
in  s  t  r  l  e  1 1  e  s  ,  I  sj'i  I  ,  i  n  the  l.c  f  t  Bank 
university  area  of  Paris.  Both  of  these 
ate  f ul 1  - f 1  edge J  <  \RS  labs,  as  opposed 
•  university  labs  with  partial  CNRS 

"i  NRN  lab  de  _  assoc  de  l'Univ. 

de _ ."  Interestingly,  Philibert 

is  i  r.  the  board  of  directors  of  P  a  u  1  u  s  ’  s 
lab,  but  not  vice  versa. 

These  two  laboratories  have  quite 
different  goals  and  approaches  to  the 
study  of  oxides,  and  in  fact,  the  na 
tun’  of  the  oxides  being  studied  is 
basically  different.  Philibert's  lab 
orators-  is  interested  primarily  in  the 
basic  mechanisms  of  diffusion  and  plas 
tic  dclormation  in  oxide  single  crystals. 
i’n  thr  other  hand  ,  Panins  is  concerned 
with  the  mic  rest  rudure  of  multi-corn 
ponent  aggregates  of  oxide  powders, 
particularly  as  affected  by  processing. 
Philibert’s  laboratory  at  Bellevue  has 
two  main  groups:  plasticity  (,T.  Castamgl 
and  diffusion  (f.  Monty),  with  smaller 
groups  for  interfaces  (A.  Gervais)  and 
thin  films  (A.  Zorimc  and  C.  Sella). 

Most  of  the  work  to  date  has  hern  con¬ 
ducted  on  model  oxides  sUch  as  NiO  and 
Cu,n,  with  some  work  also  on  molecular 
crystals,  and  it  is  intented  to  extend 
the  work  to  other  compounds,  such  as 
si( .  This  last  material  has  the  pos- 
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stbility  of  appl teat ion  to  "ttrannc" 
ga  c  turbines,  of  course,  but  the  smell 
of  applications  is  certainly  not  very 
noticeable  in  this  lab.  The  laboratory 
has  a  total  staff  of  about  1’  scien¬ 
tists  and  about  the  same  number  of 
technicians,  not  counting  the  staffs 
of  services  share,!  in  common  with  other 
laboratories  at  the  Bellevue  site, 
such  as  electron  microscope,  x-ray 
Jit  fraction,  SIMS,  photography,  etc. 

He  t  fie  way,  these  labs  are  situated 
m  an  elegant  building  that  was  for¬ 
merly  Isadora  Duncan’s  "Hotel  Partis  - 
uluiie,"  which,  unfortunately  ,  has 
had  a  disfiguring  addition  built  m 
1 ronf  of  its  original  facade. 

Castaing’s  main  interest  is  me 
.hunisms  of  plastic  deformation,  and 
ovide  single  crystals  ! mo*t  commonly 
i  i,0,  NiC,  or  At  a0» 1  are  me  re l v  a  means 
t studv  these  phenomena.  Plastic 
deformation  is  studied  over  a  w  i  de¬ 
range  of  temperature,  using  high  purity 
crystals  doped  with  various  ir.pnities; 
for  example,  recent  work  has  been  con 
ducted  on  1  i  - ,  Co-,  and  Mn-doped  Nr,’, 
specimen  preparation  and  structural 
c  ha  r.»c  t  e  r  i  :a  t  ion  is  vrrv  demanding 
for  this  work  because  growth  conditions 
have  a  profound  effect  on  crystal  per 
lection  and  so  in  turn  on  the  defor 
nation  behavior.  Ber g -Ba r re 1 1  x-rav 
topography,  et.h  pitting,  transmission 
electron  microscopy  <T!M',  and  other 
techniques  are  used  to  characterise* 
the  structure  of  the  crystals  as-grown 
and  after  deformation.  The  basic  in¬ 
formation  obtained  includes  the  glide 
sv  steals)  adapted  hv  the  .  r  v  ■- 1  a  1  when 
it  plastically  deforms.  The  activa 
tion  volume  for  plastic  deformation 
is  determined  hv  deforming  the  crystals 
in  compression  in  an  In«tron  machine 
at  several  strain  rates,  or  b v  stress 
relaxation  tests.  The  data  reveals 
all  sort'  of  interesting  phenomena, 
such  as  tin  the  case  of  Mn-doped  Si  Pi 
serrated  flow,  and  alloy  softening, 
whose  complete  interpretation  demands 
detailed  studies.  The  laboratories 
i  ('  r  these  studies  are  equipped  with 
sow-  very  neat  pu r po se -bu  1 1 1  machines 
for  controlled  deformation,  with  ten 
perature  and  atmosphere  control.  The 
lOtd-kV  TTM  at  Chatillon  and  the  svn- 
.hrotron  x-ray  source  at  Prsay  are 
used  in  the  structural  charac tc r i  :a • 
tion  phases  of  the  work. 

As  in  Castaing’s  group,  Mon  tv’s 
group  is  engaged  primarily  m  b a s  i , 
studies  in  well-known  oxides  such  as 
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CujO  and  SiO,  except  that  here  the  in¬ 
terest  is  diffusion.  Several  workers 
in  Monty’s  group  are  devoting  their 
time  to  the  systematic  study  of  oxygen 
se 1 f-di f fus ion  and  impurity  diffusion 
in  various  oxides,  including  0  in  NiO 
'('.Dubois),  0  in  CujO  (F.  Perinet)  and 
impurities  in  NiO  (\.  Tahet). 

The  secondary  ion  mass  spectrometry 
i  SIMS'!  technique  of  surface  analysis 
has  heeu  adapted  with  a  high  level 
of  precision  to  several  aspects  of 
these  oxide  diffusion  studies.  For 
example,  in  oxygen  s e 1 f - di f f us  ion 
studies,  SIMS  analysis  has  been  used 
to  determine  the  depth  concentration 
profiles  of  ‘*0  tracers  in  nickel  oxide 
and  copper  oxide.  Several  methods  of 
introducing  the  tracers  are  used,  in¬ 
cluding  heating  in  l#0-rich  atmospheres, 
and  ion  implantation.  Thrse  SIMS 
studies  have  yielded  quite  different 
results  foi  the  self -diffusion  co¬ 
efficients  and  activation  energies  for 
.!  i !  fusion  than  those  obtained  by  clas- 
••  i .  a  1  atmospheric  analysis  (measurement 
!  f!te  amount  of  oxygen  used  from  the 
atmosphere) .  The  atmosphere  measure¬ 
ments  typically  give  much  lower  values 
for  the  activation  energy  (i.c.,  indi- 
.ate  easiei  diffusion  than  may  actually 
te  the  ca'e'  than  the  SIMS  results 
■  e\  atm.  vs  S.b  eV  SIMS  for  0  in 
Nr-  . 

ton  implantation,  which  usual  Is¬ 
is  used  to  modify  surface  properties, 
has  also  been  used  hv  workers  in  Monty's 
group  in  unique  experiments  to  deduce 
the  stopping  power  of  metals  for  charged 
particles  traveling  in  them.  In  these 
experiments,  oxygen  ions  have  been  im¬ 
pinged  on  copper  single  crystals 
ot  irnted  such  that  the  ions  enter  along 
various  < hanncl  ing  directions  in  the 
lattice  'directions  m  which  there  are 
linear  open  Tairs  in  which  the  im¬ 
pinged  species  can  travel);  the  ions 
are  slowed  down  energy  losses  occur 
owing  to  nuclear  and  electronic  col¬ 
li  --ions.  The  0  concentration  pro¬ 
files  are  subsequently  determined  with 
the  MMS,  The  work  is  being  extended 
from  lu  to  A1  and  Vi,  which  have  the 
s awe  crystal  structure,  to  observe  the 
stopping  power  as  a  function  of  elec¬ 
tronic  configuration. 

Also  within  Monty’s  diffusion 
group,  M.  Brissaind  is  studying  self- 
diffusion  in  single  crystals  of  pivalic 
■ii  id  by  means  of  radioactive  tracer 
methods.  In  molecular  solids  of  this 
sort,  the  mechanism  of  diffusion  and 
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the  point  defects  involved  are  still 
in  question.  For  example,  nuclear 
magnetic  resonance  (NMR)  and  tracer 
diffusion  results  disagree,  supposedly 
as  a  result  of  variations  in  crystal 
perfection.  Some  studies  are  also 
conducted  on  metals,  most  notably  sur¬ 
face  diffusion  work  on  nickel,  where 
a  grain  boundary  grooving  method  is 
used . 

The  laboratory  equipment  sup¬ 
porting  the  work  in  Monty's  group  is 
very  impressive,  including  special  an¬ 
nealing  furnaces  (for  service  up  to 
1  80  0* C)  with  atmosphere  control,  ion 
implantation  facilities,  s l ng  le -c rys t a  1 
growth  and  cutting,  introduction  of 
radioactive  tracers,  etc. 

The  activities  of  Paulus'  lahora 
torv  are  in  direct  contrast  to 
Philibert’s.  Paulus  does  not  want 
to  study  the  ceramic  crystals  them¬ 
selves,  but  rather  aggregates  of  many 
crystals.  He  is  particularly  inter 
ested  in  charac ter l : ing  these  aggre¬ 
gates  in  terms  of  composition,  crystal 
structure,  and  microstructure,  espe 
dally  as  a  function  of  processing 
history.  There  are  strong  applications- 
oriented  reasons  for  interest  in  these 
features,  sinvf  manv  technologically 
important  physical  and  mechanical  pro 
perties  are  quite  sensitive  to  them, 
including  electric,  magnetic,  and 
strength  properties.  For  example, 
aggregate*  for  magnetic  applications, 
such  as  ferrites,  are  a  major  category 
of  material  studied. 

Paulus'  laboratory  was  originally 
one  of  three  groups  in  a  Laboratory 
of  Magnetism  and  Solid  State  Physics 
headed  by  Frof.  (iuillautt  and  located 
at  Bellevue.  When  C-uillautt  retired, 
these  groups  became  three  independent 
laboratories  at  Bellevue,  and  in  19” 
Paulus'  lab  moved  to  its  present  lo¬ 
cation  at  1SCPI  in  Paris.  The  group 
is  somewhat  smaller  than  Philibert's, 
with  a  total  of  about  10  scientists 
and  technicians  but  with  the  advantage 
of  greater  student  participation  be¬ 
cause  of  proximity  to  the  Fcole. 

One  of  the  driving  forces  for 
existence  of  this  group  is  the  fact 
that  micro structure  is  often  neglected 
when  considering  factors  that  affect 
physical  properties  of  materials  (such 
as  electrical  resistivity  and  magnetic- 
coercive  force),  whereas  it  is  nearly 
always  considered  in  relation  to  me¬ 
chanical  (strength)  properties.  This 


may  be  because  of  confusion  between 
so-called  "intrinsic"  and  "extrinsic" 
properties  of  materials.  Many  physi¬ 
cal  properties  are  "intrinsic,"  i.e., 
m ic rost rue ture- i nsens i t ive ,  in  that 
they  depend  only  on  the  fundamental 
electronic  structure,  state  of  bonding, 
and  crystal  structure  of  the  material; 
this  includes  such  properties  as 
melting  temperature,  elastic  modulus, 
coefficient  of  thermal  expansion. 

Curie  temperature,  etc.  These  proper¬ 
ties  are  generally  not  sensitive  to 
variations  in  mic rost rue tural  param¬ 
eters  such  as  grain  sire,  dislocation 
substructure,  etc.  On  the  other  hand, 
"extrinsic,"  or  microstructure-sensi - 
live  properties  include  such  measures 
as  yield  strength,  electrical  resis¬ 
tivity,  etc.  However,  the  intrinsic, 
supposedly  m  ic rost  rue t u re- in  sen  s i t i ve 
properties  are  not  always  totally 
unaffected  by  mi c ros t rue t ura 1  changes, 
and  one  of  the  goals  of  Paulus’  re¬ 
search  is  to  delineate  these  effects. 

The  main  » ic ros t rue tura 1  param¬ 
eters  that  are  examined  in  the  ceramic 
aggregates  are  grain  sue,  porosity, 
compositional  segregation,  distribu¬ 
tion  of  the  different  phases,  strain, 
and  magnetic  microstructure  (domains). 
As  an  example  of  the  effect  of  such 
features  on  physical  properties,  com¬ 
positional  segregation  at  grain  bound¬ 
aries  can  create  high  electrical  bar¬ 
riers  and  a  factor  of  perhaps  10* 
difference  in  electrical  resist  ivety . 

One  of  the  key  factors  in  the 
development  of  the  best  properties  (of 
any  category)  for  an  aggregate  is  to 
begin  with  fine-grained  powder  of  the 
highest  possible  homogeneity.  Such 
features  as  grain  shape,  surface  ox¬ 
idation  (in  the  case  of  metals),  ab¬ 
sorbed  gases,  and  impurities  are  im¬ 
portant,  but  the  main  parameters  are 
compositional  and  particle  sire  ho¬ 
mogeneity,  because  these  strongly 
favor  high  densi f icat ion  during  fab¬ 
rication.  There  are  a  variety  of  al¬ 
ternative  methods  that  may  be  used 
to  produce  the  starting  multiphase 
powder  mixtures,  including  1)  high 
temperature  reactions  between  metallic 
powders,  oxides,  and  salts  (the  clas¬ 
sical  method,  with  porosities  achieved 
after  sintering  are  usually  on  the 
order  of  ISt),  2 )  reactions  using 
molten  salts,  and  3)  freeze  drying. 


3b; 


fcSN  J  J  -  9 


The  f  reeze  -  dry  ing  method  is  used 
exclusively  in  Paulus*  laboratory,  and 
a  fine  apparatus  has  been  developed 
for  doing  this.  The  process  is  essen¬ 
tially  the  saae  as  that  used  for  pre¬ 
paring  instant  coffee,  powdered  nilk, 
etc;  that  is,  a  homogeneous  liquid 
solution  of  the  appropriate  salt  com¬ 
position  is  prepared,  fro:en  rapidly 
to  retain  the  homogeneity  (for  example, 
hv  spraying  the  liquid  into  liquid 
nitrogen),  then  sublimated  to  remove 
the  wjter  and  leave  a  homogeneous 
powder  mixture.  Thermal  treatments 
jjv  then  be  applied  to  convert  some 
compounds,  e.g.,  sulfates  to  oxides, 
as  required.  Powder  mixtures  prepared 
in  this  wav  are  able  to  achieve  far 
better  properties,  mostly  because  of 
their  state  of  conso 1 l da t ion  and  lower 
porosity,  so  that  although  frerze- 
drving  m.iv  he  more  expensive  than  more 
conventional  powder  preparation  methods, 
vests  are  sjvcd  in  other  areas  (lower 
sintering  t cope  rat  urn  are  possible; 
hot  pressing  oav  he  unnecessary  owing 
to  the  lower  porositv,  etc.)  and  there 
are  substantial  properties  improvements. 

Among  the  many  aspects  of  the  work 
on  these  aggregates  as  a  function  of 
processing  variables,  one  o f  the  most 
fundamental  is  the  modeling  of  the 
processes  that  control  dens i f i c a t ion, 
grain  growth,  and  segregation.  Paulus 
seems  to  have  the  ideal  knack  of  being 
able  to  couch  the  results  of  this  work 
either  in  terms  of  basic  physical  laws 
or  in  terms  of  how  to  change  the  opera 
t i on  a  1  parameters  in  a  practical  situ¬ 
ation.  for  example,  he  can  tell  vou 
quite  neatlv  about  the  cause  and  effect 
and  the  mechanism  of  the  effect  ; on 
an  atomistic  level)  of  powjer  compo¬ 
sitional  heterogeneity,  grain  'i:r  hot 
erogeneitv,  etc.  The  experiment'  are 
also  carried  out  in  such  a  wav  that 
useful  practical  information  is  obtained 
along  with  data  of  fundamental  signif¬ 
icance.  As  an  example,  the  effect  of 
time  and  temperature  in  various  gaseous 
atmospheres  i for  instance,  at  various 
oxygen  partial  pressures)  on  aggregate 
mi  c  r  os  t  rue  t  tires  i'  often  studied,  which 
yields  insight  to  mechanisms  of  micro 
structural  changes  as  well  as  idea' 
ahout  appropriate  sintering  and  anneal¬ 
ing  cond  1 1 ions . 

The  range  of  materials  studied 
includes  hard  ferrites  (e.g.,  BaFe,,0,»). 
soft  ferrites  (e.g.,  MnCnFe.O,),  AI ,0, 

< substrates  for  integrated  circuits), 
spinels  (e.g.,  MgAl.O.,  a  material 


transparent  in  the  visible  and  micro- 
wave  regions  and  at  the  same  time  re¬ 
sistant  to  impact),  ZnO,  stabilized 
with  yttrium  and  calciua,  (for  high 
temperature  service),  and  cordente 
(  -’MgO- ?A1 10 ,  •  SSiO, ,  of  interest  be¬ 
cause  of  its  high  thermal  shock  resis¬ 
tance).  There  also  are  studies  of 
bone  processes,  and  future  work  is  in¬ 
tended  on  SiC. 

The  equipment  in  the  laboratory 
includes  complete  facilities  for  all 
steps  of  powder  and  aggregate  prepar¬ 
ation  Iball  mills,  presses,  furnaces, 
etc.)  as  well  as  extensive  facilities 
for  physical  and  m ic ros t rue t ura 1 
characterization,  including  differen¬ 
tial  thermal  analysis,  thermogravimetry, 
x-rav  diffraction,  optical  and  elec¬ 
tron  microscopy,  electron  microprobe 
analysis,  magnetoscopy  (to  detect  do¬ 
mains),  microresist ivity  (resistivity 
across  pairs  of  grains),  and  other 
t  a hn  lque  s . 

In  summary,  these  arc  two  fine 
laboratories  working  on  quite  different 
kinds  of  ceramic  crystals  in  terms  of 
their  state  of  aggregation.  Both 
groups  are  in  hot  pursuit  of  fundamen¬ 
tal  laws,  in  Philibert’s  case  primarily 
for  describing  deformation  and  diffu¬ 
sion  in  simple  oxide  single  crystals, 
in  Paulus1  case  for  describing  the  be¬ 
havior  of  complex  ceramic  aggregates 
during  sintering,  pressing,  etc.  The 
l.i  tier  work  is  tied  much  closer  to 
practical  applications  than  the  former 
vet  retains  the  same  sort  of  basic 
science  flavor.  The  Bellevue  group 
tends  to  stay  primarily  on  the  atom¬ 
istic-level  in  its  analysis  and  charac¬ 
terization  of  behavior,  whereas  the 
other  gioup  understandably  is  often 
dealing  with  the  macro-behavior  of 
aggregates.  (Jeff  Perkins) 


CJ  SPA’S  MARI  SI  CORROSION’  LAB 

located  in  the  midst  of  the  bus¬ 
tling  port  area  of  Genoa,  Italy,  is 
an  unobtrusive  four-story  building 
that  houses  ion  the  upper  three  floors) 
the  Laboratono  per  la  Corrosionc 
Marine  dci  Me t a  1 1 i  (Laboratory  for 
the  Marine  Corrosion  of  Metals). 

This  is  probably  the  world’s  only  walk- 
up  marine  corrosion  lab,  and  it  turned 
out  to  be  an  amazingly  diverse  and 
thriving  activity.  The  Laboratory  has 
existed  in  this  location  for  twenty 
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years,  and  ts  operated  in  patriarchal 
institute  fashion  as  a  laboratory  of 
the  Consiglio  Saiionale  delle  Richt-rche 
U'NR,  effectively  the  Italian  NSF  ! . 

The  director  is  Dr.  Lmanuele  I).  Mor, 
who  controls  a  close-knit  group  of 
about  .'D  workers  t  -t'  with  baccalaureate 
or  better!  in  a  wide  range  of  research 
protects.  Ihe  impressive  stav.1  of 
recent  publications  (mostly  in  Ingli-h,1 
that  was  pressed  on  me  indicates  the 
activitv  of  the  g roup. 

since  this  is  a  marine  corrosion 
laboratory,  the  corrosive  environments 
considered  are,  of  course,  mainly  sea 
waters  (natural  and  synthetic)  and 
salt  solutions  is  1/dt  Nal'l  solution!. 

In  spite  of  the  proximity  of  the  lab 
oratory  to  the  Mediterranean  sea,  the 
more  controllable  man-made  solutions 
are  used  more  extensively.  In  addition 
to  this  seawater-related  work,  there 
is  a  hit  of  research  on  nonnarine 
corrosion,  such  as  of  mild  steel  in 
elevated  temperature  i  up  to  I 

waters,  related  to  corrosion  problems 
in  the  coo  liny  systems  of  iron  and 
steel  plants,  and  some  work  in  acid 
so  hit  ions  . 

The  seawater  corrosion  research, 
emphasizes  studies  of  the  behavior 
of  such  materials  as  mild  steel,  copper, 
stainless  steel,  and  :inc.  home  of 
the  particular  aspects  of  the  work 
include  cons i dcr a t i on  of  flow  effects 
in  the  seawater  corrosion  of  steels 
with  an  apparatus  operable  in  the 
range  P.T  m/sec  to  ^  m.'sec  available), 
cathodic  protection,  stress-corrosion 
c racking,  pressure  effects,  crevice 
corrosion,  deep  ocean  behavior  of  ®  a 
terials,  and  biological  studies. 

There  also  are  various  facilities  de¬ 
voted  to  on-site  testing  in  the  sea, 
including  a  pump  station  for  drawing 
natural  seawater  then  t o  be  trucked 
to  the  laboratory  and  stored  on  the 
roof,  and  sleds  for  open  ocean  de¬ 
ployment  of  corrosion  coupons.  (This 
is  typically  done  near  Sardinia  at 
a  depth  of  about  100  «.! 

Biological  foulirg  and  various 
microbiological  phenomena  are  a  spe¬ 
cial  are*  of  expertise  of  the  staff, 
and  the  group  working  in  this  area 
has  published  very  extensively,  mostly 
in  the  Italian  literature.  The  leader 
of  the  biological  group,  (liulio  Relink, 
gave  me  a  tour  of  the  facilities  de¬ 
voted  to  these  investigations.  They 
include  a  special  environmental  chamber 
to  reproduce  natural  conditions  for 


the  study  of  organisms  such  as  algae 
and  mussels,  and  a  cinematic  setup  to 
study  barnacle  attachment  via  optical 
microscopy.  There  was  also  a  huge 
freezer  full  of  fouled  samples  waiting 
for  analysis.  The  work  of  the  biolog¬ 
ical  group  includes  both  corrosion 
and  fouling  studies,  as  well  us  some 
direct  biological  work  unrelated  to 
corrosion.  In  the  latter  category 
is  some  work  on  the  effect  of  environ¬ 
mental  pollution  on  biological  life 
m  the  sea,  precipitated  bv  the  break¬ 
up  in  the  i.ul  f  of  Taranto  of  a  ship 
lull  of  lead  additives  for  gasoline. 

Ih<-  resident  expertise  is  quite  im¬ 
pressive  in  terms  of  biological  charac¬ 
terization  of  various  areas  of  the 
Ved  1 1  e  r  ran can . 

Ihe  nature  of  the  corrosion  re¬ 
search  of  this  Laboratory  generally 
involves  close  environmental  control 
and  electrochemical  monitoring  of  rc- 
iv  t  ion  rates.  I  J  ec  t  rochera  ua  1  tech 
niques  are  used  as  tools  rather  than 
as  a  research  end  in  themselves.  The 
group  is  primarily  interested  in  de¬ 
lineating  environmental  factors  af- 
li-vting  corrosion  rates  m  complex 
real -world* 1 i ke  solutions.  Sophisti¬ 
cated  electrochemical  techniques  such 
as  rotating  disc  electrodes  are  used 
onlv  to  a  verv  slight  extent.  Most 
of  the  experimental  methods  used  eval¬ 
uate  average  phenomena  and  microscopic 
observations  and  are  not  used  to  give 
fine -scale  insight.  However,  one  of 
the  specialties  of  the  Laboratory's 
work  is  identification  of  corrosion 
products,  which  is  accomplished 
through  a  combination  of  x-ray  diffrac¬ 
tion  and  chemical  analvtical  techniques. 
This  also  is  done  in  order  to  help 
clarify  details  of  the  corrosion  pro¬ 
cess  in  terms  of  critical  variables. 

For  example,  recent  work  has  led  to 
the  evaluation  of  corrosion  products 
that  form  on  copper,  line,  and  steel 
in  seawater.  Some  specialized  spcc- 
t rophotomctric  and  polarographic  tech¬ 
niques  have  been  developed  for  these 
studies. 

The  effect  of  sulfides  on  corro¬ 
sion  of  various  materials  (notably 
copper)  in  seawater  has  been  a  contin¬ 
uing  theme  of  work,  related  to  corro¬ 
sion  behavior  in  polluted  seawater. 

For  this  work,  membrane  ion-selective 
electrodes  have  been  adapted  for  the 
determination  of  sulfides  in  seawater. 
Also  the  effect  of  halogen-containing 
compounds  on  the  corrosion  of  copper 
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m  sttkitrr  has  been  under  study  re¬ 
cently.  Other  environmental  chemical 
work  has  been  on  the  action  of  inhih 
itors  such  as  :inc  gluconate,  one  ot 
the  first  nontoxic  agents,  for  mild 
••teel  in  seawater. 

As  mentioned,  one  of  the  special 
apparatus  is  a  high  pressure  cell. 

Recent  work  has  .onsidered  the  effect 
of  hydrostatic  pressure  on  the  corro¬ 
sion  of  copper  in  seawater.  Research 
on  this  aspect  i'  virtually  impossible 
m  the  natural  environment  because 
of  changes  in  other  important  variable, 
notably  oxvgcn  concentration  and  tem¬ 
perature,  with  depth.  The  lower  cor¬ 
rosion  rate  of  most  metals  in  the  deep 
ocean  (with  the  exception  of  aluminum 
allovs)  seems  to  he  related  mostly 
to  the  lower  dissolved  oxygen  content 
and  lower  temperatures.  Laboratory 
results,  however,  have  been  conflicting 
over  the  years ,  and  the  work  at  r.enoa 
has  sought  to  investigate  the  question 
under  close  control  of  oxygen,  pit, 
and  temperature,  using  biologically 
inert  natural  seawater  and  3  1/21  Sail 
solutions  as  the  media.  The  initial 
results  have  shown  that  the  corrosion 
rate  of  copper  increases  with  pressure 
;for  the  constant  values  selected  lor 
the  other  variables)  in  both  seawater 
and  Vail  solutions.  This  j>  inter¬ 
preted  as  being  caused  by  accelerating 
effects  of  pressure  on  the  cathodic 
reduction  process.  Another  project 
is  using  electrochemical  methods  to 
look  at  crevice  corrosion  ot  stainless 
steel  in  seawater. 

The  extent  of  the  work  on  corrosion 
in  elevated  temperature  waters  is  not 
nearly  as  extensive  as  that  at  the 
National  Physical  Laboratory  in  the 
l’k,  described  here  recently  (t'.'X  32- 
11:384),  but  the  aims  are  similar. 

One  difference  is  that  at  Genoa,  cor¬ 
rosion  rate  data  fi  «  weight  change 
and  electrochemical  measurements  is 
augmented  by  thorough  analysis  of 
surface  films,  a  technique  that  is 
very  useful  in  making  interpretations 
of  the  corrosion  processes.  Another 
nonmarine  environment  that  has  been 
of  interest  to  the  group  is  acid  so¬ 
lutions,  and  the  investigations  have 
included  studies  of  inhibiting  effects 
of  certain  agents.  ifor  a  report  on 
other  work  in  Italy  on  this  subject, 
see  F'X  33-8:328).  Work  in  acid  media 
has  particularly  investigated  copper 
and  steel. 


In  view  of  the  current  low  level 
of  research  funding  throughout  Italy, 
the  output  of  this  Laboratory  is  notable 
both  in  quantity  and  quality.  The 
level  of  sophistication  in  the  experi¬ 
mental  methods  is  not  nearly  as  high 
as  I  have  recently  observed  in  other 
electrochemistry/corrosion  labor  atones 
in  Italy  and  trance  ^see  £V.V  33-8:328), 
but  this  is  largely  because  of  the 
complexity  of  the  seawater  electro¬ 
lyte  that  is  the  primary  environment 
being  studied  at  Genoa,  In  fact,  the 
acquired  skill  of  the  group  in  analysis 
of  corrosion  products  derived  in  these 
environments  is  quite  a  notable  accora- 
I  1  l  shment .  The  Genoa  lab  is  nowhere 
near  the  scale  oi  the  extensive  marine 
corrosion  laboratories  operated  by 
International  Nickel  Company  in  North 
Carolina,  but  it  is  effective  and  pro¬ 
ductive  for  1 1 s  si  je  .  It  is  working 
on  a  variety  of  significant  corrosion 
problems,  an J  as  the  only  marine  cor¬ 
rosion  lab  in  Italy  would  seem  to  have 
a  sound  future. 


MAT!  RIALS  kl  M  ARCH  IN  HARC1  LONA  ASP 

-\V~HTATH.ffT,  "sPATy -  - 

A  recent  > . W  article  by  Klick  and 
hern-tern  i  iV.V  32-11:3'')  suggested 
that  materials  research  in  Spain  is 
> entered  around  Madrid,  with  little 
evidence  ot  any  serious  commitments 
t'S.ird  developing  similar  programs  in 
the  regional  universities.  This  is 
nearly  true,  but  on  a  recent  trip  to 
■pain  I  discovered  significant  physical 
metallurgy  research  activities  in  both 
Barcelona  and  San  Sebastian. 

San  Sebastian,  in  the  Basque 
district  in  the  extreme  northwest 
corner  of  Spain,  is  the  location  of 
the  engineering  school  of  the  Univer¬ 
sity  of  Navarra,  This  University, 
which  was  discussed  in  these  pages 
recently  (F.W  33-8:312),  is  unique  in 
that  it  is  the  only  private  Spanish 
university,  having  heen  established 
in  1952  by  the  organ irat ion  Opus  Pei. 

The  main  university  canter  is  in 
Pamplona,  with  about  7000  students, 
with  other  centers  being  in  Barcelona 
(Business)  and  San  Sebastian  (Engi¬ 
neering)  . 

There  are  several  unique  aspects 
of  the  private  nature  of  the  University. 
Tor  example,  the  faculty  are  not  sub¬ 
ject  to  the  tenure  procedures  described 
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here  recently  by  Bernstein  (A'i'.V  3J »3:9Tj, 
>o  that  younger  members  are  able  to 
tarry  on  research  in  a  fashion  compa¬ 
tible  to  tvpical  US  universities,  and 
promotions  are  basej  on  both  research 
and  teaching  accomplishments.  Also, 
unlike  most  Spanish  universities,  most 
liOll  of  the  teaching  staff  at  Navarra 
.lie  full-time  facultv  members .  The 
University  also  seems  to  have  been 
exempt  from  the  student  agitation  prev¬ 
alent  in  most  Spanish  universities, 
ihat  the  students  arc  content  is  not 
surprising  to  me  in  view  of  the  out¬ 
standing  organization  of  the  academic 
programs,  an  exjaplr  of  what  un  be 
accomplished  once  the  bureaucratic 
n.ise  is  escaped.  It  is  probable  rel¬ 
evant  that  the  facade  of  the  main 
building  of  the  engineering  school 
in  downtown  san  Sebastian  is  the  only 
one  1  have  viewed  in  Spain,  ! ranee 
or  Italv  that  was  not  plastered  with 
placards  favoring  various  student 
v  a  u  s  e  s  , 

In  San  Sebastian  -. v  visit  concen 
t  rated  on  the  "Uentro  do  I  n  vi-  ••  t  i  gac  I  or.  os 
lecnices  do  duiputcoa”  i. enter  of  led; 
nicul  Investigations;  .uipurcoa  is 
the  name  of  the  region! ,  part  of  the 
iscuela  Tecnica  Superior  dr  Inginier.is 
1  ndus  t  r  i  a  le  s  ,  which  l  -  in  turn  a  *’r.i:-.cb 
>'f  the  University  of  Navarra.  This 
i enter  is  essentially  the  site  of  upper 
division  and  postgraduate  university 
research  m  engineering.  The  director 
•'f  the  renter  is  Pr.  M.  I  uentes-IV  re : , 
who  hosted  me  on  bv  visit.  Puentes - 
Tcrc:  himself  is  a  metallurgist  and 
still  heads  up  the  rcsearxh  group  m 
physical  metallurgy  which  was  the  f.'on 
of  rv  visit.  The  other  sections  of 
the  enter  are  for  electrical  engi¬ 
neering,  mechanical  engineering,  i o® 
put  mg,  and  a  small  group  in  solid 
state  phvsics.  The  research  center 
Has  been  strongly  subsidised  bv  a 
lox.il  savings  bank,  Casa  dr  Ahoros 
Provincial  de  Ouipuzcoa,  which  owns 
the  \ e r v  nice  9 ear-old  building  and 
currently  provides  about  »i't  of  the 
enter's  operating  budget  1*03  of 
1  > o , UOO , iM'O  Ptsl.  The  bank  provides 
these  funds  as  indirect  support  for 
local  industrial  xleve  lopment  . 

The  physical  metallurgy  group  was 
orgin.il  Iv  organized  (about  10  years 
ago l  Hv  Pr .  laime  Paustnann,  who  es¬ 
tablished  the  practice  of  sending  good 
people  abroad  to  get  PhPs .  Faustnann 
himself  earned  his  degree  from  Aachen, 
while  Fuentes-Perei  obtained  a  PhP 


from  Sheffield,  and  most  of  his  senior 
staff  now  have  PhDs  received  at  top 
universities  in  Britain  and  l.urope. 
Research  is  carried  out  mostly  by 
full-time  research  staff  members  and 
bv  postgraduate  students,  as  there 
is  currently  a  dearth  of  undergrad¬ 
uate  metallurgy  students.  (This  is 
true  throughout  Spain.)  The  physical 
metallurgy  group  at  ['resent  includes 
five  PhP  staff  members  and  a  handful 
of  graduate  students. 

The  facilities  for  physical  met¬ 
allurgy  research  are  quite  nice,  in¬ 
cluding  fine  electron  microscopic  and 
x-r.iv  diffraction  equipment  and  spe 
x  lal  mechanical  apparatus,  such  as 
a  hot  torsion  bench.  There  is  also 
a  purpose-built  apparatus  for  direc¬ 
tional  t rans format  ion . 

tilth  in  the  physical  metallurgy 
group  several  research  themes  are 
being  pursued.  The  most  prominent 
of  these  relates  to  deformation  pro¬ 
cesses  in  metals,  and  some  very  nice 
r i c  restructure -mechanical  properties 
studies  are  being  carried  on, 

Ur,  .1.  till  Nevillano,  who  lust 
g  t  hr.  Phi'  m  Leuven,  working  with 
Prof.  I.  Aernoudt  t  see  f'.'S  33*4  :  1  48), 
has  recently  been  developing  experi- 
•.ontal  data  and  theoretical  models  for 
the  strength  of  ['carl  i  to.  Pearl  ite, 
an  important  m  ic rest  rue  turn  1  constit¬ 
uent  isf  steels,  is  a  .'-phase  lamellar 
mixture  consisting  of  a  ductile  phase 
tferiitc'  reinforced  bv  about  K\ 
i hv  volume)  of  a  hard  phase  (cement i tel. 
Ihe  'pacing  of  the  lamellae  vary  with 
the  coding  rate  from  high  temperature, 
and  the  strength  varies  with  this 
sp.iv  mg.  There  is  considerable  con¬ 
troversy  about  deformation  mechanisms 
and  strengthening  in  this  microstruc- 
turo,  which  is  technologically  one 
o f  the  most  important  in  all  allovs. 

The  work  carried  out  bv  (Til  Sevillano 
is  of  such  a  nature  that  the  strength¬ 
ening  and  plastic  anistropv  of  lamellar 
composites  in  general  mav  be  calculated 
in  similar  manner.  Me  is  also  involved 
in  studies  on  the  deformation  of  single 
crystals,  especially  ICC  metals  such 
as  aluminum,  and  the  work  is  now 
turning  to  the  very  interesting  prob¬ 
lem  of  high-strain  work  hardening. 

Models  for  shear  band  formation  in 
rolling  and  extrusion  have  been  devel¬ 
oped  recent ly . 

F uen t e s -Pe re: * s  main  interest 
recently  has  been  directional  trans¬ 
formation  of  eutectoid  alloys,  a 
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recent  derivation  of  the  directional 
so 1  id 1 1 icat ion  of  eutectics.  The  tech¬ 
nique  used  is  quite  similar:  the  spec¬ 
imen  is  und  i  rcc  t  lonal  1  >•  translated 
through  a  steep  temperature  gradient 
and  is  traversed  hv  a  mac roscopi c a  1 ly 
planar  transformation  front.  If  the 
appropriate  experimental  conditions 
arc  obtained,  the  single  high  tempera¬ 
ture  phase  hill  leave  behind  a  eutec- 
toid  t rans f orma t i on  product  that  has 
an  oriented  lamellar  structure.  In 
the  work,  at  San  Sebastian,  once  again 
we  are  talking  about  the  aus t en i to - 1 o- 
pe.irlite  t  rans  format  ion  in  steels,  and 
so  the  work  is  complementary  and  closely 
allied  to  till  Sevi  llano's  work  on  de- 
tonaation  processes  in  these  structures. 
In  this  work  1 'unit  es -I’e  re;  has  done 
both  experimental  and  theoretical  work, 
the  latter  aspect  including  consider¬ 
ation  of  c  rvs  t  a  1  1  og  raph  ic  restrictions 
on  growth.  The  main  . onditions  to  he 
met  for  development  of  wcl 1 -a  1 1 gned 
structures  are:  u!  a  steep  enough 

temperature  gradient,  to  avoid  both 
n.u  1  ea t  ion  in  front  of  the  actual  po¬ 
sition  of  the  planar  transformation 
front  and  coalescence  in  hack  of  it, 
and  hi  a  translation  late  lower  than 
the  maximum  possible  growth  rate  of 
the  lamellar  cutectoid  product.  Another 
re.ent  activity  of  luentes-Tere:  has 
been  concerned  with  the  development  of 
modulated  microstructures  m  iron-cop 
per  allovs.  Again,  this  is  work  cen¬ 
tered  around  experimental  variables 
and  delineation  of  c rv s t a l lograph ic 
re  1  a t t onsh i ps  ,  with  considerable  !!M 
orientation  and  submic  ros!  ructur.il  data 
obtained  in  siippo rt  . 

fc'hllc  ai  the  (‘enter  in  ban 
bebastian,  I  also  took  the  opportunity 
to  visit  with  the  snail  group  in  solid 
state  physics.  One  of  the  researchers 
here,  frsn.isco  San:,  using  \-rav  scat¬ 
tering  techniques  has  recently  ini¬ 
tiated  some  verv  interesting  structural 
studies  of  amorphous  sen  i  condiis  tor  ma 
terials.  The  first  results  base  been 
obtained  for  amorphous  Al . • , ,Te. • . . . 

In  Barcelona  I  visited  the  Depart 
sent  of  Metallurgy  at  the  University 
of  Barcelona,  where  »v  host  was  Dr. 

F.  1'liacnt,  who  directs  the  research 
group  in  physical  metallurgy.  The 
other  interests  in  the  Department  are 
extractive  metallurgy  iProf.  Nune:,  the 
department  head!,  ferrous  process  met¬ 
allurgy  f  Dr .  A.  Form,  anj  metallog¬ 
raphy  i Dr .  B,  Fernandes).  In  toto, 
the  research  group  in  the  metallurgy 
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department  consists  of  about  2S  full 
and  part-time  researchers,  including 
the  four  faculty  members  named.  The 
metallurgy  lab  facilities  are  adequate 
but  somewhat  scattered  around  the  cam¬ 
pus  . 

The  research  group  in  physical 
metallurgy  has  current  interests  in 
three  main  areas:  (1)  "valve"  metals 
such  as  Ti,  Zr,  and  Ta  ("valve" 
metals  are  those,  which  because  of 
the  characteristics  of  their  surface- 
films,  will  pass  electrical  current 
to  a  much  greater  extent  in  one  direc¬ 
tion  than  in  the  opposite  direction, 
i.e.,  they  have  rectifying  properties); 
(2)  precipitation  in  Al  and  fu  alloys; 
l 3)  welding  of  austenitic  stainless 
steels.  Climrnt  has  also  worked  in 
such  areas  as  single  crystal  growth, 

Hall  effect,  and  textures.  The  work 
on  valve  metals  is  are  intended  to  study 
metals  other  than  Ta  that  have  useful 
dielectric  properties.  The  precipita¬ 
tion  work  includes  development  of  aging 
*.  u  r  vos  and  correlation  with  fracto- 
graphic  features.  Based  on  earlier  work 
in  the  areas  of  deformation  textures, 
one  of  the  main  exper, mental  techniques 
used  in  Clement's  group  is  x-ray  dif- 
f  rac t  ion . 

These  two  centers  of  physical 
metallurgy  research  activity,  in  San 
Sebastian  and  Barcelona,  must  be  con¬ 
sidered  significant  and  legitimate, 
with  valid  contributions  being  made 
to  the  advancement  of  I uropean  science, 
iH  course,  the  presen'  Spanish  output 
in  physical  metallurgy  is  almost  neg¬ 
ligible  compared  to  many  other  I uropean 
countries  (e.g,,  Germany  and  France) 
in  terms  of  quantity.  But  the  quality 
is  on  the  highest  plane,  and  a  fair 
proportion  of  the  results  are  contrib¬ 
uted  to  1 uropean  as  opposed  to. only 
Spanish)  journals.  As  suggested  in 
the  earlier  .‘VV  article  by  Klick  and 
Bernstein,  Madrid  is  certainly  the 
center  for  metallurgy  and  solid  state 
physics  land  indeed  most  science,  with 
the  possible  exception  of  medicine)  in 
Spain.  The  materials  research  activi¬ 
ties  in  Barcelona  seem  to  be  struggling 
for  life  along  with  the  rest  of  tech¬ 
nical  activities  at  Spanish  universi¬ 
ties.  However,  the  center  in  San 
Sebastian  is  in  far  better  health  than 
any  at  other  Spanish  universities  I 
visited  and  is  likely  to  continue  to 
grow  anJ  have  even  more  impact  as  time 
passes.  (Jeff  Perkins) 
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......  . .  i. 

.  .  '  •  K  ‘  •  • 

It  IV  .1-i  '.mqu'-'!  1  jJvjn!  .I.T 

■  !  <■  .1!  ;  <  f .  'K)‘  n.'vh;in  H  .1 1 

;■  r  ;  .  r  t  ;  r  ■  •  t  ■  -  :  i  i-r  i  ,t  i  *.t  I  ion, 

'  1 .)  »  •■>••:;  li  I  r.1- 1  .!  .  r. i  !  i  •  ,1  1  i  f  > 

■  k -m'u  ti.iv  !  i  v  t  r  :  Su  1  .  .it  jtiv 
•.  j  <>  1 1  ;  -n  ;  -i  t'.c  r.»  Ur.S  |  .i !  t  . 

'  i  r  .  ,rvt  i .  u  •’ !  t  hr  oH.vt  •' !  «ii|Jiin 
.’.iitioriv  .itnl  ■  - 1. 1  i  ,;ur  .t  t  u  n  on 

:  i  r  J  i  ••  1 1  . it  t  •  • ;.  »-(-«*  n  •t.nlic.l 

'•  it.inticK!  .in.!  I'wm  ,i  t 

’>  ’t.'.^h.ir..  i'v.'Ti  h  i  v  .1  s . ..\  i  n  t  os 

1  .iv>-  w  'tkn.l  n  t'io  ;  r.iMcn  for  about 

.  .  .II  ,  ,«!;J  li  1  V  ;  ro  rut  a  t  ion  kis 

•-.■•tl.  ink'  of  .i  i.  view  of  thru  *»oi  V . 

r  .i  I  t  hr  >  finJ  that  .o  the  1  KP 
>  i mi,!  iv  in  loiti'.i  into  the 
.ivit'  ,  c  « p .it.  v  i on  .it  t  h r  <  1 1  *> 

!  i  <  i  J  i  .iiiM's  t  hr  v  1  a  v  v  f  i  I  r  r  v  t  <t  hr 

i  .or  irnti’J  iron  their  alignment  along 
the  t  1  ov  Jirevtion  in  the  in  eg  turn 
no;.*lr.  A'  the  compound  pavvev  the 
iii>::le  gate  into  the  mol.l,  the  flow 
front  l  vurveJ.  I  iherv  leaving  the 
gate  tend  to  n  late  vo  av  to  hr  align e .1 
with,  the  curve .1  front.  hhear  planes 
near  the  ranl.i  houn.lariev  and  corners 
.an  .reate  "wel.ls,"  j.e.,  regions 
■lev.-  i  1  of  fiber  that  are  thus  unrein 
fori  fu  anj  esfremrlv  weak.  I  low  arounil 
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insert  j  m  the  motel  divide  the  trout  and 
as  the  divided  regions  tcioin,  shear 
planes  develop  and  fora  fibei-frec  weld-.. 

i  1  ear  1  v  ,  it  is  important  to  l>e  able 
to  predict  these  flow  patterns  for  put 
poses  ot  mold  design  or  for  structural 
analssis  ot  molded  components.  However, 
as  Owen  pointed  out,  rigorous  prediction 
requires  the  development  ot  a  rheological 
equation  of  state  to  be  used  in  conjunc¬ 
tion  with  tluld  mechanics  equations  to 
predict  the  mold  tilling  sequence  and 
tiber  orientation,  the  difficulties  wit! 
this  approach  are  formidable,  and  a  1 - 
though  etfort'  alone  these  lines  ate 
'■erne  made  at  Nottingham  and  I'unflrld, 
Owen  has  been  t>'l  lowing  a  simpler  track, 
be  developing  empirical  rules  lor  flow 
prediction.  Using  simple  rectangular 
laboratory  molds  and  also  bv  examining 
.oaserciallv  molded  parts,  itwen's  group 
have  l den  t  1 1  i  ed  c  r  r  t  a i n  flow  patterns 
and  have  developed  simple  geometric 
techniques  tor  predicting  liber  orienta 
t  lot.. 

A . A .  I  a  v 1 u  r  Imperial  i h  e  s i c  a  1 s 
Industries.  ltd,  Welwyn  hardens,  "k1 
presented  an  interesting  paper  at  the 
Brighton  meeting  on  the  rheology  of  KP 
"gel"'  coatings,  which  are  coatings  < >  t 
pigmented  polvester  resin  that  arc 
spraved  or  brushed  onto  ‘ - H f’  surfaces 
for  decoration  and.  weather  resistance. 
Being  similar  in  chemical  . nnpos i t i on 
to  the  polvester  a.itm  of  -Ki',  the  grl 
Coat  usually  adheres  well.  However,  the 
appeararue  of  the  coating  will  be  .in-,  at 
i' factors'  it  the  brush  marks  do  r.<-t  flow 
out,  the  coating  sags  before  .Irving,  or 
there  is  pigment  segregation.  flic  cause 
of  these  problems  is  the  viscosity  •>> 
the  c  oat  mg  which,  i!  too  high,  does 
not  flow  ■'  rope  r  l  v  or  if  not  viscous  m 
enough  will  sag  or  allow  pigment  par¬ 
ticles  to  settle  out.  These  are  all  very 
low  shear  stress  flows,  and  Tav  lor  .level 
oped  a  low  shear  stress  vis.. meter  to 
relate  the  rheological  response  of  t he 
gel  coating'  to  their  app 1 i c ab i 1 i t v  and 
final  appearance.  The  instrument  is  .» 
parallel  plate  viscometer  fitted  with 
a  t r  ic t ion- f ree  compressed-air  bearing 
for  the  top  plate  assembly.  To  determine 
low  shear  stress  behavior,  the  top  plate 
i'  deflected  through  a  small  angle,  re 
leased  and  allowed  to  relax  under  the 
action  of  a  light  spring.  The  shear  re 
sistancc  of  the  coating  is  measured  by 
the  rate  of  recovers-  of  the  initial  dis 
placement.  The  device  was  also  con¬ 
structed  so  that  the  paint  could  be 


t'O 


sheared  at  a  high  rate  iu-.t  before  mea¬ 
suring  the  shear  resistance,  so  as 
to  simulate  shear  thinning  of  the  fluid 
during  spraying  or  brushing.  As  night 
be  expected,  lav  lor  found  that  the 
best  performance  Coatings  were  those 
that  shear  thinned  but  tlu-ii  recovered 
to  exhibit  high  she.,  i  resistance  w  1 1  li  l  n 
a  tew  seconds;  too  -.low  a  recovers- 
lead  to  sag,  too  fast  prevented  flow 
out  . 

Report'  on  the  r.Cc  hun  i  c  a  1  p  toper 
lies  of  1 1 K T  were  rather  scant  at  both 
the  Brighton  and  l’.i  i  I  s  meetings.  Work 
in  this  area  tends  to  find  it-  wj> 

! reelings  on  p.-lvne!  -.c  lerue  and 
usually  deals  wit!:  fetter  defined 
albeit  less  leall-  tic  f  i  1  1 e r ■- po 1 vme ! 

.  or, pc"  1 1  e  s  than  the  commercial  OKI's  . 
Ihi-ic  wen  ,  however,  a  !ew  papers  on 
dKP  mechanics.  In  Paris,  i'r  ,  M.  Marrnla 
[  rcirtS  Narionale  Indu-tiia  Applica¬ 
tion!  .'-MAI,  Visc'0-..i,  tolleferro, 

Italy]  reported  on  the  bending  I'rluv- 
i o r  of  glass  reinforced  j  u  1  v e  s  t  e t  s 
ai-.J  developed  general  equations  for 
stress  and  strain  d  l  s t  I  i  !>u l  r  on  based 
on  t hr  theory  i  !  mixtures.  He  has 
developed  general  equations  that  c.m 
!e  applied  to  ditfetentlv  shaped  beams 
*-v  ii  s  mg  various  t  onvets  ion  t  ax  tot  s  . 
i’r.  '..!.  Ma-sot  Vet  rotes  sa  rnt  *t;oba»n, 
he  u  i  1  1  v  -  su  r  -  s  «•  me  ,  Irunce-  also  at 
the  Paris  meeting  discussed  the  made 
•,uac  v  of  the  ■  ir.j  le  falling  ball  ir. 

;  .n  t  test  for  .KP  and  sb.owcd  that  t  !ir 
!:  a  l  p  v  test  gives  .1  i  t  e  x  t  1  v  the  stored 
elastic  energy  and  fracture  propagation 
energy.  He  presented  a  movie  of  the 
>- 1  f «- c  t  of  specimen  site  on  the  f  ra, 
t-.ire  mode,  i  ,e.  ,  dr  1  am  i  n  a  t  i  on  vs, 
f  h  r  .  .igti  -  t  ibr  r  fracture. 

One  of  t!:e  more  trebnicallv  as 
tutr  papers  of  either  conference  was 
given  at  Brighton  and  was  co-authored 
bv  i  .  I'aprrno  and  1.  Niaolios  (both 
of  the  1 !  n I v  .  o f  V a  p 1 r  s  ,  1 1  a  1 v )  w  i  t  h 

.  Halpin  Air  lorce  Materials  lab 
oratory,  hr rght - Pa t ter  son  A1B,  Ohio), 
ihev  na.le  a  comparison  of  two  differ 
rnt  theoretical  approaches  for  treating 
.opposite  data;  linear  elastic  fracture 
mechanics  vs.  a  strength  analysis  ap¬ 
proach  which  combines  classical  f rai 
lure  mechanics  w  1 1 h  notch  theory  and 
which  focuses  or,  a  notch  tip  "plastic" 
damage  rone  sire  as  a  material  property, 
laprino  et  al.  find  that  the  two  ap¬ 
proaches  give  identical  results  for 
a  variety  of  liber-resin  combinations 
anj  a  range  of  r.ver  orientations. 

All  testing  was  done  in  essentially 
fiber  dominated  directions. 
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m.l  •  leld  x  t  r  «• :- these  .lutndi-  ,.o 
r,  t  ■  I ■  > ■  t  is :  ;■  it  I  ;  b. .1 1  1  e  i  n  t  oi .  ei’  en  t  .  : 

p’l.  '!'!■•  hv  particulate  ill  li-i-.  in 
.  Ii’.t-C  '•  -Tltllle-  •  but  !n  tough 

ne  ■ in,!  t  hut  t ’.e  >  l!  J.i!ii'r,  in  I  jnJor., 

.'  :  '  t  i  ‘m*  r  .  .  npi-Mlc'  l  -  unknown, 

ibex  .ugge-.  t  that  tin-  pii  ■  ■  r  if*,  in 

•  , .  i  r  v  ? .ids  i  t.  .irti-vimr  t  h  *■  i  i  .»n 

;  ;  :  n  i  :i  p : ope  I T  i e  lion  p  a  r  t  i  c  u  1  a  t  e 

’ t  *.  e-ien  t  beb,. icici  ti‘  !l.r  tiber 
I  i ,i  t  »•  .!  i  e  s  p,  > ::  c  •  i  I  K 1  •  i.l  KP. 

iho  husklm,.  beh uv  1 1- r  *•  t  *  l  K  P 
'ml'  loaded  >'H  the  u’Sin  side  ».!•• 

’.  e  . ,  I  1  ’  e  d  .  i  .ii  .  M.l  I  f.  ,1  1  ;  i'.l  1  '  1  c  x 

‘  ••  1  o  gx  >  ('.« *  '  I  e  *  .  "k  , 

»•  that  l>i  shell-*  ct'  i  '»*  .  t 

iiii  ,  .  .i- . ,  i  eng !  h  ;  ■  width  i  ,i  t  i .  , 

'*;<•.  ted  he’ias  »**r  ot  ”  •• :  i .» t  ' '  ‘  n  k  1  i  r  . 

•  ,  •  i  .  .  ‘  -  ,1 . 

'  •  Ii  i  *. :  .i  ;  e.  t  i  .1  •  :  -  ,  I  .  ' '  ,  .i 

l’- :  i  i  .  t  i.-ii  .  .  v  ,  i  r  w  . h  ,  him- 

!  •  ••  ’,.»}>  .it  1  •  .1  '  ik  hirst’.  •  i 

-•■".Ttri*  lu.l  i  i  'K.  Hr  xtigg,  .hut 

*  r  1 1 1 .»!  V  n.  k  i  it ..ill  uc  ,  tor 
i  -  ir.her  i  panel  i:. .1  s'.,-  i  ;  i  |  hP 

•  t  t ...  t  ;i  r  ••  ,  hut  it  i  -  !*.'■»  tr.tr,:  f  e  i 

r.  nr  v  ’"..lii-ifl  in  xttu.  t.n  ul  ie*igr.. 

'nr  -.'i  the  pi  in.  it  themes  <  : 

fi.r  Sr  i t .  t  .or.lfKs.r  wax  ..uiitx 

.  r ul  .  A  ."..ini',  i  pupeis  Hi- 

i  s  .  r  .1  irr  m  o ,  ,t  t  •  h  r  -  itcl  i.il  * 

1  r  r  1  in  Miri.  ,i!  i..r,,  1:-.  the  ;.ist, 

. '  !u>  n.'t  her’.  ,i  ;  I  i-r  .  d:k  iilri  .it  ir:. 

for  Si’  s  i  ik  r  the*  w  r  i  r  not  ir.r.1  in 
St  re-.gth-  de- II.  !  » ;  ;  1  i .  ,i  t  i  or.  .  Ax 

i  .is  the  nJ  Hr  looked  prettv, 

strength  and  durability  weir  usually 
-f  secondary  is;  rrt.i:i.  r.  i*  ■  I R  >'  finds 
its  wav  into  more  demand  i  n  g  .m.l  i  i"t  1  . 
i ;  p  1  1 1  1 1  i  '  n  s  t  h  r  r  r  is  i  s  1  r  ,i  r  n  c  r  >1  t . .  r 
V  ••  f  t  o  r  reliability  .in.!  .  on'iilrn.v 
ii,  pe r f ormuns e .  At  this  stJur  ttir  tub 
ris.it’ls  Mi  nr  the  raw  o  .1 1  r  r  I  n  1 '  sup- 
;■  1  let  *  ,  and  thr  1 .1 M  r  r  h  1  mt  the  f  ah 
ris.it’rs.  Ho  th,  of  s  on  iso,  are  r.juallv 
it  ip.insiMf ,  in.'  the  Brighton  papers 
showed  evidence  of  attempts  to  develop 
r-utertal«  ,H  controls  m.l  the  use  of 
on-line  inspection  schemes  .luring  f ah 
ris.it  ion.  C.  Ihnert  t  Ow  ens  -  lorn  ing 
iihergla‘  i uropp  s \ t  Pelstua1  described 
thr  isr  of  i-rnvs  to  ietrsf  voids,  in 
proper  fiber  distribution,  etc.,  in 
hMi  components  during  processing. 


In  order  tc>  have  good  quality  con¬ 
trol  there  must,  o!  course,  be  agree¬ 
ment  upon  standards.  At  the  S’arrs 
meeting,  M.  hettly  (Assoc.  1-ran^aise 
dr  So  I'e.ul  i : it  loti ,  I’arisl  spoke  about 
•tiiiJ.uJ'  to!  teinforced  plastics, 
i  it  rest  listed  ills  c  oianr  ii  t  s  to  test 
standaid-  I  oi  t  lie  law  materials  rather 
than  1  unshed  pioduct'  and  stressed 
j.  h  points  as  the  med  for  consistent 
t  e  t  •  i  ik  log  s  ,  i  nt  e  i  n.it  tonal  uti  i  f  o  rm  1 1  v 
ii.  st.i'.JaiJs,  and  t  tie  tact  that  the 
development  o!  stan da  ids  for  lesins 

not  as  a .!  v  alls  e  d  as  tor  glas-  fillers. 
Hr  also  made  the  point  that  ex  1-ting 
standards  do  net  irl.ite  to  performance 
'.■uling  iahiic.ition  ot  ot  the  finished 
pioduct.  I'li'ccn!  standaid  air  st-t 
nix  to  as'Uie  material  proprrtv  re- 
;  e  a  t  ah  1  1  1 1  x  . 

i  topic  ot  gie.it  intrust  in  ic 
cent  seats  in  the  reinforced  plastics 
industry  is  that  ot  pressure  gelation 
i  in  which  ti.e  part  i*  cured  at  ah- 
:  'irallc  high  temperatures  and  under 
i  continuous  j  l e sour  tied  feed  of  resin, 
i  •.  convent  i  nal  «.  Kl’  molding  great  arc 
i  'a  ken  to  pie  cent  heat  buildup  from 
the  iractieii  exotherm.  1  tie  resin  and 
Id  air  Piought  to  t  he  cure  tempera- 
t  ..i  xti  a  long  priiod  ot  time  in  order 
•  .  icve  an  even  .me  with  minimum 

.....huge  and  stiess.  Nonetheless,  t  lie 
toxin  m  tlie  center  ct  the  mold  tends 
to  -ite  tirst,  resulting  in  shrinkage 
and  le-idual  ••  t  t  e  *  *  ,  In  the  !'(.  tech- 
r.iu.u  the  mold  surface  is  hotter  than 
t‘.<  uie  temperature  of  The  resin,  so 
cnie  begins  t  i  os  the  HiolJ  surface  and 
; locreJx  inward.  Ihe  pressure  of  the 
feici  prevents  shrinkage.  The  molding 
time  o  short  T  •  prevent  overciirc  and 
c  tchitvg.  Indeed,  fast  prodvigtion  is 
one  of  the  mayor  features  in  PC.  In 
t'e  two  conferences  on  lx  one  paper  was 
given  on  p<  ;  H..T.  Alger  (Millttorr 
ingineering  ltd.,  Radcliffr,  Manchester, 
’k1  described  molds  spcwiflcallv  de¬ 
igned  for  I'(.  production  of  llKP  tubing. 
Most  PH  work  has  been  done  using  con 
volitional  molding  ripi  1 1  ment  modified 
for  Pr,t  hut  the  results  have  not  been 
entirely  successful.  However,  the  cost 
of  new  tooling  such  as  that  described 
hv  Alger  may  slow  the  acceptance  of  PC. 
hv  the  CRT  industry. 

As  CRp  replaces  metals,  problems 
.an  develop  because  of  the  poor  shield¬ 
ing  ability  of  CRP  against  electromag¬ 
netic  interference  (IMI).  Whether 
it  is  a  matter  of  containing  radiation 
from  sources  such  as  power  tools  or 
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a  1  c  rowuve  ovens  or  to  protect  sensitive 
i  v  roe  1  ti  t  ton  i  c  equipment  fror.  I  Ml  ,  con¬ 
ventional  I’.KP  housings  are  general  lv 
inadequate.  A  related  proMco  is  the 
l.’ijbilitv  of  CKP  to  dissipate  electro¬ 
static  charges,  and  the  charge  buildup 
.an  leach  dangerous  levels,  h.l.  I r.err 
i'lraii,  fiber-class  Piv.,  Ph  t  discussed 
the  problem  at  the  Brighton  conleter.ee. 
He  noted  the  impending  regulation  o: 

:V!  pollution  hv  the  US  and  Luropran 
governments,  and  without  adequate  tech¬ 
nical  guidance  these  regulations  would 
he  overlv  restrictive.  Ilistoriciilv, 
the  solution  has  hern  to  applv  a  metal 
.oat m  h>  u.uus  depostion,  electric 
ai.  i'.schat..e,  'r  painting  with  c  oiiduc  • 
Hie  paints,  such  secondary  processing 
adds  significantly  to  production  cost-, 
and  the  seal.!:  i  on  tot  wavs  ot  inti.' 
ducing  conductivity  into  the  molding 
„  'ipoanJs  themselves  be  adding  metallic 


timers,  flakes  or  powdet,  conductive 
c  a  r  h  on  libers  or  m  e  t  a  1  1  l  e  d  glass  f  i  • 
Sets.  1  riser  reviewed  the  carious  ad¬ 
vantages  and  d l s ad  van t ug e s  of  ea.h  but 
did  not  offer  ar.v  ranking  ot  their  ef 
fe.tiveness.  In  his  conclusions  he 
1  1-enfed  the  lick  anc  !e  r  *  !  and.  >. g 

:  1  ow  much  ,v!l  chieidi'ig  o  ictuallv 

needed.  The  attitude  i  -  that  .  i  in  i 
metals  provide  god  shielding,  t!<  KP 
should  hr  rale  as  >  on.'.-ic  t  e  ■  Fetal-, 

\  t  i  a  1  1  v  ,  irt  i  i  S  h  1  e  ’  !  l  n  g  i  -  - '  t  t  e : .  a  r 
overkill.  I'leurlv,  this  ;  an  at>-a  in 
need  of  research. 

Mane  of  the  papers  at  blight  o:. 
in-'  I'  i  r  I  s  descri'r.l  the  m  anuf  a  .  *  ur  <• 

*  -pe.  1  !  1  c  end.  items.  s.--r  f  the 
-  !  r  u  r,  -a  s  u  a  1  ;  i  '  1  u  .  t  ‘  .-.eluded  i  t  ■  t  K !' 

lighthouse  and.  -.-v-e  ’is'iiv  transformer 
1  4  ’  i  ■  I  n  c  s ,  Rot!  of  these  items  were 
produce.!  hv  filament  winding,  which 
. 44  .  Ive-  the  wr  apping  ot  nnr  •  •  -t  glass 
t  i  l.iamts  onto  i  ■  '  l  up  s  ib  1  r  man  d  t  i  1 . 

1  >ng  i<  the  'tttiiut  t  the  item,  being 
t  '  rme  .1  .  .ii  be  gene  rite,!  a-  a  surta.e 
t  r  e vo 1 u  t  I  on ,  :  , r ,  ,  c  v 1  i n  Je  r  ,  sphere, 

■4  1  1  i  p  s  o  i  d  ,  ef.,,  the  winding  ,.n  be 
! one  automatically  on  l  lathe-1  ike  -a 
ine.  The  roves  are  wound  in  a  iriss- 
i  " s  i  n  g  helical  pattern  so  t  h  a  t  the 
mechanical  properties  in  the  plane  of 
the  wound  surface  are  e.eatlv  isotropic. 
The  i in  m a v  be  applied  as  the  rove 
is  wound  wet  winding:,  or  the  rove 
nav  be  supplied  p r e i mp r e gn a t e d  with 
resin.  The  lighthouse  was  produced  by 
t'hc».i«che  Kerke  Hills,  Marl,  (.rrrnanv 
and  is  cylindrical  in  cross  section  with 
a  diameter  of  7  m  ancl  a  height  of  18  m. 


\  motion  picture  of  the  construction 
and  installation  of  the  lighthouse 
was  shown  at  the  Paris  meeting. 

In  Brighton,  d.  Holding  if iba-Oe i gv , 
sw i t :c r  1  an J >  described  the  design  and 
.  c>ns  t  rue  t  ion  of  transformer  casings 
!  n,  high  and  d.4  r.  in  diameter.  The 
ptincipal  advantages  of  (11  l(P  m  both 
applications  are  better  weather  lesis- 
tance  than  conventional  construction 
materials  and  thus  less  maintenance. 

The  f'.l  RP  transformer  casings  offer 
letter  electrical  insulation  than 

met  al  casing. 

Much  was  said  about  the  use  of 
'.RP  m  housing  coiictm.  tl'tn  at  both 
meetings.  The  greatest  'use  is  as 
iugade  paneling  to  tover  and  modernize 
existing  buildings.  Similar  panels 
ai.  used  as  decorative  cladding  on  new 
buildings.  At  Paris,  T.  (Trccnwood 
V- -.1  -c  o  Chemic  als,  C.eneva,  Switzerland' 
'.escribed  the  generally  wide  accept¬ 
ance  of  CRP  piping  and  storage  tanks 
hv  the  petroleum  industry. 

1,  Sreval  '  ‘h'c  if  tf  Vationalc 
!  tid  u  s  t  r  i  e  1  l  c  Aerospatiale  (SNIASi, 

1  M-- tab,  d  *  Aqu  1 1  a  ir.  c  ,  St.  Mfdard-en- 
'alloc,  i  ram. .  e  ]  dr4.  ribcd  filament- 
wound  M  rp  bottle-,  for  storing  fluids 
in der  '  igh  |  ressure.  The  interior 
.  t  the  battle  1'  lined  with  a  thin 
•htrting  of  1  1  g!4.  t  we  .  ght  aluminum  allov 
erwhi.h  glas  filaments  are  wound 
ir.  n  helical  pattern.  The  liner 
s  i  -.  e  s  n'  retain  t  h  r  fluid  and  to 
!i- tribute  the  pressure  evenly  on  the 
MRP  outer  shell.  The  stress  in  the 
■  ! cl  i>  more  or  less  evenlv  distribu¬ 
te.!  hv  the  helical  arrangement  of  the 
ti  laments.  The  reduction  in  weight 
ah  i  eyed  with  the  HI RP  bottles  com- 
;  ited  t>'  all-metal  construction  makes 
them  attractive  for  aerospace  uses 
..  ■; .!  s .  u!4  a  diving. 

The  most  "high  technology"  pro 
crnt.it  mu  of  either  meeting  was  that 
g  l  ven  i  :i  Paris  hv  .7  .  p .  puph  ill  ( SKI  AS , 

I e  s  Mureaux,  trance'  on  mul t 1 -dimen  - 
clonal  composites.  These  so  called 

composites  have  fibers  in  three 
orthogonal  directions.  special  weaving 
rachines  knit  the  T-P  fabric,  which 
is  then  impregnated  with  resin  and 
cured.  Conventional  ,’-P  laminates  are 
strong  in  the  fiber  directions  but 
weak  when  stressed  normal  to  the  fibers. 
Thr  T-p  materials  overcome  this  prob¬ 
lem  but  at  n  considerable  increase 
in  cost.  The  fibers  need  not  be  the 
same  in  all  directions  so,  for  example. 
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stiffness  can  be  made  anisotropic  by 
using  glass  in  one  direction  and  carbon 
fibers  in  another.  Present  uses  of 
the  A-D  coaposi tes  are  rocket  casings 
and  nose  ••ur.es. 

The  Brighton  and  Paris  conferences 
left  little  doubt  that  there  is  con¬ 
siderable  activity  in  the  UK  and  in 
Western  Europe  m  :’>;rre  !  <  p-’jn- 

ft;s. ce  rtiKfcrsSa,  both  technically  and 
conuaerc  lal  lv  ,  although  Europe  seems 
to  be  a  little  behind  the  US  and  more 
hesitant  to  t rv  new  URP  applications. 

At  both  conferences  there  were  frequent 
references  to  US  accomplishments  that 
should  be  emulated.  This  was  especially 
true  in  the  use  of  CRP  in  the  automo 
bile  industry,  where  the  US  has  gone 
ahead  somewhat  more  boldlv,  with  the 
Europeans  waiting  for  the  outcome  be 
fore  plunging  ahead.  itiillard  !>.  Ba  scorn) 


MEDICINE 


nu  annual  uusuRi  ss  oi  mi  British 
TV'TTTTTTTT  B'fT'TTvr  rvrry  .  jrj  ' 

The  Middle se»  Hospital  Medical 
School  ( London-  was  the  site  of  the 
t'th  Annual  Congress  t.|  the  British 
Institute  of  Radiology  HIR/,  held  Co 
a  n  J  '  April  1 9  '  '> .  The  B  1  R  is  a  non 
p  r  o  f  1 1  o  r  g  a  n i : a  1 1 o  n  established  b  v 
Koval  Charter,  and  it  was  the  world’s 
first  national  radiological  society 
to  he  formed  after  Roentgen’s  discovery. 
In  . o  n  t  r  a  s  t  to  the  Royal  College  of 
Radiologists,  the  BIR  represent-  radi¬ 
ology  in  the  broadest  sense.  It  is 
an  organi ration  of  physicians,  scien¬ 
tist',  industrialists,  and  technicians 
with  equal  membership  working  toward 
the  common  goal  of  improvements  m  the 
field  of  radiology. 

After  welcoming  remarks  bv  the 
President,  Mr.  <*.M.  Ross,  the  opening 
address  was  delivered  bv  Robert  Ileitzman, 
MU  (Professor  of  Radiology,  Uirector 
of  the  Diagnostic  Division,  Department 
of  Radiology,  State  Untv.  of  New  York 
at  Syracuse/.  He  lectured  on  "Comput¬ 
erized  Tomography  of  the  Thorax — Cur¬ 
rent  Perspectives."  Although  comput¬ 
erized  fomographv  (C T)  was  invented 
and  developed  in  the  Elk,  initially 
onlv  for  the  head,  there  are  few  total 
body  units  available  in  this  country. 
Despite  this  paucitv,  Heitzman’s  lec¬ 
ture  was  well  received  and  appreciated 
by  his  largely  British  audience. 


Ileitzman  is  well  known  for  his 
many  papers  and  two  books  that  deal 
largely  with  radiographic  anatomy  and 
radiologic -pathologic  correl a t ions 
of  chest  diseases.  With  the  advent  of 
CT,  he  was  in  a  unique  position  to 
combine  this  new  modality  with  his  pre¬ 
vious  experience. 

Ills  talk  was  divided  into  two  sec¬ 
tions,  (J  examination  of  the  medias¬ 
tinum  and  of  the  lung.  Although  well 
organized  and  well  presented,  it  is 
difficult  to  reproduce  verbally  a  lec¬ 
ture  that  was  largely  dependent  upon 
pictorial  representations  of  the  anat¬ 
omy  and  pathology.  On  evaluation  of 
the  med i a s t i nurn ,  Heitzman’s  two  major 
points  were:  il)  l'T  examination  adds 
a  third  dimension  to  the  routine  frontal 
and  lateral  examinations  of  the  chest, 
lesions  can  be  seen  in  profile  for  bet¬ 
ter  evaluation.  In  addition,  masses 
n.»v  be  discovered  that  otherwise  would 
not  be  seen;  (^)  The  use  of  attenuation 
coefficient  numbers  (Hounsfield  numbers) 
allows  thr  radiologist  to  determine 
the  approximate  tissue  content  of  inv 
st  pasture  in  the  mediastinum,  Ileitzman 
showed  various  masses  containing  con¬ 
siderable  fit  that,  because  of  the  low 
-le  ns  1 1  ,  fat,  are  clearlv  demonstrated 
and  easily  diagnosed  bv  CT.  He  also 
discussed  the  differential  diagnosis 
of  various  masses  in  the  mediastinum 
from  enlargement  of  the  great  vessels. 

It-,  his  section  on  examination  of  the 
lung,  Heitrman  indicated  that  more 
pulmonary  nodules  will  he  discovered 
bv  C.T.  than  by  routine  chest  tomographs' 
although  it  is  more  difficult  to  tell 
the  nature  of  anv  individual  nodule  bv 
i  T.  However,  he  noted  that  new  infor¬ 
mation  from  the  Yohns  Hopkins  Univ. 
Medical  Center  suggests  that  anv  pul¬ 
monary  nodule  with  a  Hounsfield  number 
greater  than  l'S  is  almost  certainly 
benign.  It  is  however,  quite  difficult 
to  obtain  an  accurate  Hounsfield  number 
from  a  small  nodule. 

After  the  opening  address,  a  period 
of  time  was  devoted  to  visiting  the 
scientific  exhibits  that  are  a  tradi¬ 
tional  component  of  radiology  meetings. 
I'ne  of  these  was  "A  survey  of  mammog¬ 
raphy  in  Britain,"  bv  M.  Eitzgerald  and 
D.  Whitr  (St.  Bartholomew's  Hospital, 
l.ondon).  This  exhibit  featured  some 
of  the  information  and  results  obtained 
from  a  survey  of  eight  center*  estab¬ 
lished  to  obtain  dosimetry  and  image 
quality  measurements  at  61  hospitals 
and  clinics  in  Britain.  X-ray  tubes 
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Kith  targets  of  tungsten  or  molybdenum 
were  evaluates!,  using  suitable  breast 
phantoms,  in  combination  with  •  Winds 
t  t  l  Ira  and  Xerox  plates.  The  molyhdr- 
v.  im-Xerox  group  produced  the  highest 
-'ear:  image  score  (best  laap:  qiialltv.i 
but  also  t  he  highest  mean  dc>se,  and 
t  c  grou:  !  e  1 1  that  its  use  uc  nut 
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V  d  Soll.w-'up  c't  Sc  o  tic's  is  In  ihildren” 
*’>  ;» .  Ardren,  'I.  Hard  i  rid,  R.  urate', 

K.  Hickrns  .lir.lv.  ot  c'xtord',  demon¬ 
strated  the  technique  used  at  that 
.enter  t o  reduce  the  radiation  exposure 
•  children  with  '..'ll  os  is.  ihrv  ns 
•mend  a  1  i-c*  air-gup  fr.hiiique  with 
a  cfr'i-cm  foe  a  1  spot  trim  di  statue. 

1'ul'ont  *  .  ril“.  was  use.;  and 

the  radiation  npt"jrc  relayed  he  a 
•.  a-  tor  o  t  four. 

’'Measurement  Of  Lurid  'u'lasr  !  r  on 
best  Radiographs  ,"  an  exhibit  he  R. 
Pierce,  0.  brown,  0.  IVnrus.in,  and  !. 
Wei;  hromptor.  Hospital,  London1,  i  s 
a  c  ompu  t  c  r  i  :od  technique  for  obtaining 
pulmonary  volumes  iron  ordinary  frontal 
and  lateral  chest  radiographs.  Ihe 
method  requires  a  sp.uk  per.  ti,  order 
!■!  outline  the  lungs  in  both  projections 
and  ihtracl  t  he  various  soft  tissue 
component'  o!  the  chest.  Ihe  pul-onarc 
volume  is  then  calculated  he  the  e  or.- 
;  iter.  Ihe  exhibitors  had  a  .  >'•  mi 
relation  with  helium  g a s  and  spironet 
ri.  determination*  of  pulmonary  volumes. 
This  technician  could  become  quite  i.m 
p'rtant  as  it  would  allow  physicians 
to  follow  chance'  in  pulmonary  volumes 
directly  from  routine  radiodraphs  with¬ 
out  the  patients  hav  mil  to  undergo  pul 
monarv  function  e x am i na t ions . 

1.  Husband,  I>.  Mean,  and  P.  Irett 
Koval  Marsden  Hospital,  l.ondoni  ex- 
hibitcd  their  technique  for  "(  I  landed 
Aspiration  biopsy  Of  Fancreat  n  Masses.” 
P r e - opera 1 1 ve  diagnosis  of  carcinoma 
of  the  pancreas  could  eliminate  diag¬ 
nostic  surgical  exploration.  The  au¬ 
thors  of  this  exhibit  demonstrated  how 
a  thin  needle  can  be  placed  into  the 
pancreatic  mass  under  CT  guidance  and 
an  aspiration  biopsy  obtained  with  no 
significant  patient  morbidity. 


"Reduction  Ot  Patient  Hose  In 
Xeromammography  Hy  Added  !  lit  rat  ion" 
by  M.  Baker,  K.  Havics,  It.  fiance,  l’. 
Parson,  I  Royal  Mar'den  Hospital,  loridoni 
was  a  useful  demonstration  of  how 
added  filtration  will  reduce  the  ra¬ 
diation  dosage  significantly  while 
scarcely  atfecting  image  quality, 

Vp  to  J  rnr.  ot  a  1  an  mum  I  lit  rat  ion 
c  an  he  added  without  significant  loss 
in  detail.  ,  XI  f  1 1  t  ra  t  )  on  of  i  1  ,  ram 
was  instituted  throughout  the  National 
laricer  lri't  1 1  u  t  e  > Arne  t  k  an  lancer  so  ■ 

.  ietv  breast  c. nicer  detection  centers 
m  the  IP'  approximately  x  year'  ago.i 

"1*1  t  rasound  Angiography"  was  an 
interest  mg  exhibit  by  C.  Wood  and  II. 

Me i i e  .ilinical  Research  tenter,  Harrow i 
Ihe  scientist'  in  this  case  use  a  Hop 
;  I  or  technique  lor  ultrasound  demon¬ 
stration  ot  normal  and  abnormal  blood 
vessel'.  It  1--  not  likelv  that  ultra- 
sor.ogi  will  replace  contrast  angiog¬ 

raphy,  hut  an  ultrasound  technique 
.  be  considerable  useful  as  a 

screening  examination  for  significant 
a  r  t  e  r  i  a  1  d  i  cj  e  . 

"A  i'r  f  ic  hah  1  e  ha  1 1  cor,  Icchr.ique 
lor  The  Treatment  c ' l  lesions  Of  The 
internal  Parotid  Artery,"  by  C.  Hawkin' 
a-.d  id  iri'iin  !  Addent'iook  ’  s  Hospital, 
a-1  ridge1,  1'  a  remarkable  treatment 
t  •  ■  r  aneurysms  of  !hc  latge  vessel' 
with  in  the  brain,  Iho'C  vessels  arc 
notoriously  difficult  to  reach  'urgi- 
. ally  and  aneurysms  are  difficult  to 
ricf.t,  even  if  they  can  be  propcrlv 
exposed  ill  the  operating  room.  The 
balloon  technique  is  done  without 
surgery  and  consists  of  fluoroscopic 
guidance  of  a  balloon  through  the  ar 
trrv  into  the  aneurysm,  Ihe  balloon 
is  then  filled  with  a  suitable  material 
that  f  lire  it  permanently  within  the 
aneurysm  Preliminary  results  have 
been  good,  but  insufficient  time  has 
passed  for  long  term  follow-up. 

Iwo  complementary  papers,  one  hy 
R.  Heitrman  and  the  other  by  .1.  Husband 
and  I.k.  fry  -Koval  Marsdcn  Hospital 
and  St.  Bartholomew's  Hospital,  l.ondoni 
were  devoted  to  computer! red  tomography. 
He  it. -man  discussed  connective  tissue 
planes  of  the  mediastinum.  He  demon¬ 
strated  to  good  advantage  the  posi¬ 
tion  of  posterior  and  anterior  thyroid 
masses  in  the  mediastinum  and  how 
these  masses  are  deflected  hv  medias¬ 
tinal  fascial  planes  and  vascular 
structures.  The  same  would  be  true 
for  abscess  masses.  He  also  demon¬ 
strated  that  the  perivisceral  space 
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surrounding  the  esophagus  and  trachea 
is  continuous  with  a  per ib ron  h is  1 
space  leading  into  the  lung,  Inis 
space  is  undoutedly  the  rout-  taken 
he  infection  or  1 vmphom*  when  ii  spreads 
lion  the  mediastinum  into  the  lung. 
Husband  and  Lrv's  paper  outlined  their 
major  uses  for  l‘T  of  the  chest:  (II 
(valuation  of  abnormal  chest  radio¬ 
graphs,  (  J  I  Detection  of  occult  prinarv 
tumors,  i ')  Staging  of  neoplasm.  These 
authors  nicelv  demonstrated  how  n 
evaluates  the  abnormal  mediastinum, 
and  their  observations  were  similar 
to  those  made  hx  Kelt  .’man.  Thev  also 
demonstrated  in  a  group  of  normal  pa¬ 
tients  a  large  variation  it:  the  amount 
of  remaining  thvaic  tissue  that  account- 
t  t  some  of  the  differences  in  the 
:  .■•!  i  og  r  aph  l  c  appearance  of  the  normal 
melia-tinum.  In  the  last  part  ol  the  it 
papet  thev  evaluated  fl  m  the  TSM 
staging  of  testicular  neoplasm. 

K  paper  hv  R.  i'.rainger  (Ha  1  1  am.'h  i  t  e 
((■•spital,  Sheffield!  demonstrated  the 
continued  nrcessitv  t*'t  angiographic 
evaluation  of  mediastinal  masses  lespitc 
i' I .  i'it  .linger  demon  s  t  r  a  t  r  J  vari<'us 
vas.ular  anomalies  and  vascular  masses 
■  •  t  t  h  e  mediastinum,  T  (i  e  three  papet' 

-o  veil  rig  the  mediastinum  were  ”u»tu- 
posed  to  good  advantage. 

several  papers  were  presented  Jr-”* 
the  Hospital  (or  sick  Children  I  on d-n  , 
of  which  two  dealt  th  v.n  i",r  aspect- 
of  pediatric  nr.i  ro  r  ad  10 1  og  .  .  The  l  irst 
of  these,  bx  R.  Hoare,  dealt  with  var¬ 
ious  lesions  o*  the  pineal  region  as 
evaluate,!  s,  g  I  ,  ,1  n ,t  the  -e,  !  was 

a  vrrv  l  n  t  e  r e s t  i g  paper  b  ,  (• .  la n  Jail, 

Irnoti't  rat  ing  that  leuk  odv  ti.-phc  can 
hr  evaln  ite.l  parti,  ilarlv  well  !• »  s  *  . 

Manv  eaarplec  •>  f  the  !  >  t  f  e  r  t  i  i!  .1 1  a  g 
nos  |  s  -f  1  euk  •  dv  -. »  rophv  from  -iltiple 
other  Ir  .  nm-  that  affr.t  the  white 
matter  of  the  hrnn  were  fisplaved. 

I  euk('dv  a  t  roph»  is  an  a  brio  r*  a  1  1 1  v  of 
the  t  s  e  1  >  *i  s  r  a  T  h  o  *  the  w  h  it  e  matter 
( '  t  t  (i  e  ('ram,  In  Hn,  illness  t  h  * 
mvelm  is  rep  la.  e!  in  a  hi  la  trial  and 
-vmnrtrtcil  fashion  hv  glial  «eils. 

There  is  progressive  a f rophv  and  a  poor 
prognosis,  which  makes  a  differential 
(l.ignosis  f ren  other  lesions  (,f  some 

i mpor t  anc e . 

\nother  pediatric  paper  hv  T,  i. order, 
.-n  the  value  of  krvptor.  ventilation 
studies  in  children  was  carried  out 
using  *‘kr.  This  isotope  has  a  vers 
short  half  life  of  If  sec  and  is  jen 
orated  from  ,lRb.  The  author  demon¬ 
strated  how  both  nodical  and  surgical 


therapy  for  various  pediatric  diseases, 
particularly  cystic  fibrosis,  can  be 
evaluated  particularly  well  by  this 
technique  in  combination  with  the 
’ ’ 7c  peri  us ) on  scan. 

The  highlight  of  the  meeting  was 
thr  silvanu'  Ihompson  memorial  lecture 
delivered  hv  I’rof.  Adams  (Roval 

Marsden  Hospital,  London'.  Ills  subject 
was  "The  I’a't,  Present  anJ  luture  >>i 
Hvpuuc  Cell  Sens  1 1  l  ,*e  i  s  ,"  I  he  speaker 
was  .  1 e  a  r 1 s  n  o t  on  1  c  a  raster  of  h i s 
field  hut  hud  complete  command  of  Ii  i  s 
raateii.il  and  tils  delivery  was  excep¬ 
tional  lv  good.  He  outlined  the  history 
o  t  (.is  subject  and  led  the  audience  up 
to  t he  present  and  into  the  future. 

I  he  essence*  of  the  problem  he  discussed 
is  that  t  urao  r  cells  arc  hxpoxic,  hut 
i  adi.it  ion  has  a  much  greater  effect 
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I  <n  don!  '.I-  let  rimmed  Tti.it  the  maxi 
-sum  permis  ible  dose  ,-t  <-  i  s  on  id  r  a  :ol  c 
i -.  IT  gras/-',  which  is  (esc  than  the 
mos?  effect  i\i  am-. mt  tot  -ensitiring 
f  .p-vu  tumot  cells.  \r  the  present 
tine  compounds  clnselc  telated  to 
')  i  si'ii  1.1  u  ;n  i  i-  alt  also  being  evaluated 
and  therapeutic  trial'  are  under  wav 
in  oriel  to  determine  a  therapeutic 
ratio  lor  m  i  son  l  d  r  a  1  e  and  similar 
compounds.  iA  therapeutic  ratio  is 
the  toxic itv  of  a  compound  in  relation 
to  its  effectiveness — a  true  test  of 
its  usefulness,'  The  outlook  for 
m i son i d ra :o 1 e  itself,  because  of  its 
tide  itv,  is  not  as  hopeful  as  it  was 
a  short  time  ago,  hut  the  therapeutic 
trials  currently  underw.iv  must  be  com 
pleteJ  before  conclusions  can  be  drawn. 
These  trials  nay  demonstrate  that  one 
of  this  group  of  compounds  will  IcaJ 
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to  a  such  improved  sons i t 1 ; a t l on  of 
hypoxic  tiusor  colls  hi  thin  tho  limits 
m  toxcity  and  brighten  tho  future 
lor  cancer  therapy.  t  1  r »*  1  n  M. 
f  round  1 ich 1 


METROLOGY 


P K  1  MAR!  1  Ahi'RAIc'Kl  I  i'R  TIM!  AM> 

rKr.yrvrr,  r  \fti 

Until  1  >  s  -.  tine  was  defined  m 
terms  of  the  earth’s  rotation,  and  so 
astronomical  ohse rvat or ies  provided 
the  time  standard,  ‘>inve  19f,t>  the 
second  has  officially  been  the  duration 
of  '<  ,  1  *  ,  1 A 1  ,  '  'll  periods  of  the  radia 

1 1  on  c o r I c -pond i ng  to  the  transition 
between  the  tso  hvperfine  levels  of 
the  ground  state  o  t  the  irsma-1." 
a  t  os  . 

Although  tine  is  thus  no  longer 
th e  responsibility  of  astronomers,  the 
Paris  Observatory  at  the  southern  end 
of  the  Avenue  de  l *0b set va to  i  re  ,  Paris 
\ll  (  lust  south  of  the  tardins  do  luxes- 
bourgi,  in's  houses  a  number  of  organ 
i : a t i o n s  that  have  taken  over  the  ser¬ 
vices  it  had  provided  in  this  tielJ 
since  its  founding  in  the  seventeenth 
century.  One  of  these  is  the  Labor*- 
t  'ire  Prinairc  du  Temps  et  dcs  frequence 
l.PTI1,  established  m  l-'n  as  one  of 
the  four  primary  laboratories  of  the 
Bureau  National  dr  ‘If  t  ro  log  ir  ,  Another 
tenant  of  the  Observatory  is  the  Com 
mission  Vationalo  de  1’lleure  uMI',  set 
up  m  l->b'  to  distribute  tine  standards 
throughout  Prance,  and  a  third  is  the 
Bureau  1  n  t  c  r  na  t  i  ona  1  de  l’Meure,  which 
coordinates  time  standards  mi  a  world- 
wide  basic.  The  i  Ml  fakes  as  its  stand¬ 
ard  the  average  of  a  do:en  cesium-beam 
.  1  oc  k  s  in  van  mis  parts  of  I  r  anc  e  ,  i  n  - 
.lading  five  at  the  Mil,  a n .1  it  trans¬ 
mits  time  signals  ! rom  its  radio  sta 
t ion  at  Allouis  in  the  geographical 
center  of  trance  on  IM.S-l  Mfl:  with 
precisely  controlled  carrier  phase. 

In  keeping  with  its  name,  the  !.  PTI 
is  divided  into  two  parts;  the  Nervier 
National  de  L’Heure  s\n  i  and  the  labora 
toire  de  Mftrologie  des  frequences 

■  I. Ml  i  .  The  NNH ,  with  <  u  or  eight 
people,  maintains  the  Prrnch  time  stand 
ard  in  c ol 1 abora t ion  with  other  organi 
cations  and  further  assists  the  LNII 


by  providing  information  on  the  time 
via  radio,  TV,  and  telephone  (hourly 
signals,  time-code  pulses,  and  the 
speak ing  e lock ) . 

The  Skill  also  investigates  and 
applies  methods  for  time  comparison, 
including  the  use  oi  l.ORAN  ('  signals, 
transportation  of  clocks,  and  transrais 
sion  via  TV,  satellite,  and  very  low 
frequencies.  Since  l;>fiH  special  timing 
pulses  have  been  transmitted  in  I  ratise 
on  both  819-line  and  b.’S-lmr  television 
during  fhe  vert i c a  1  -  ret  race  interval. 
These  have  served  to  compare  Ls  c locks 
in  different  parts  of  the  country  after 
taking  account  of  the  propagation  de 
lavs  in  the  TV  network  and  in  electro¬ 
magnet  iv  propagation,  peiraitting  com 
parisons  at  present  to  within  a  few 
nanoseconds  (1  nsec  *  10  ’sec  I ■  [Nee 
P,  Parcelicr  i LPTT i .  ” T i me  Svnchroni- 
Cation  bv  Television,  A  .*r;m /. 

:e.  IM  19,  pp  .  A  A  A  X 

■  Nov.  1 1  'o  i  '  .  Ihe  coordination  of 

■  lock  comparisons  bv  TV  is  handled  by 
the  sNU ,  which  has  on  occasion  used  this 
method  in t e r nat  lona 1 1 v .  In  the  latter 
case,  however,  the  variations  in  TA  net¬ 
work  delays  w  1 1  ti  changes  in  routing  con 
siderablv  reduced  the  achievable  preii 
sion.  The  1 PT  f  ’ s  monthly  bulletin 
carries  information  on  the  discrepancies 
between  sources  of  timing  information 

as  determined  bv  the  s\H. 

!n  collaboration  with  the  I  .HI-  ,  the 
NNH  studies  the  fluctuations  ot  atomic 
clocks,  which  are  a  particular  interest 
of  I't  ,  .Jacques  Rutman,  Deputy  Director 
of  t  lie  LPTf  and  author  of  "Character- 
liation  of  Phase  and  frequency  Insta 
b  ilit  i«ts  in  Precision  frequency  Nources, 
"  ■  r  ;*'.*.*  Ml.  pp,  1048- ID'S  ,  Sept  . 
r.1'8'  .  Most  I  *  •<  s  clocks  are  stable 
in  frequency  to  within  1  part  in  10!l 

i‘.l  H:l,  while  the  best  are  a  couple 
ot  hundred  times  as  good,  hut  over  long 
periods  their  time  readings  inevitably 
develop  increasing  random  errors.  On 
account  of  the  "flicker  phenomenon," 
the  spectral  density  of  the  variations 
in  frequency  f  behaves  as  1/f  at  the 
lowest  frequencies,  creating  difficul¬ 
ties  in  characterizing  the  PM  because 
the  integral  of  If  is  infinite.  Rutnan 
has  studied  a  variety  of  measures  of 
frequency  variation,  including  several 
whose  responses  to  the  1 ow - f requenc y 
components  fall  to  :ero  fast  enough 
to  i ircumvenf  this  problem. 

Rutman  received  his  doctorate  in 
l*1'.'  from  the  Univ.  of  Pari'  VI  (Univer¬ 
sity  Pierre  ct  Marie  Curie,  two  kllo- 
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actors  northeast  of  LPTF)  under  Prof, 
dean  UebersfclJ,  who  is  now  vice  presi¬ 
dent  of  that  campus.  A  close  collabo¬ 
ration  continues  between  LPTF  and  IIPMC, 
where  Rutraan  dives  courses  and  from 
which  a  number  of  other  LPTF  staff  mem¬ 
bers  also  have  come,  e . g  .  ,  P.  Plainchamp, 
who  recently  completed  his  doctoral 
research  there  on  the  stability  of  the 
4.J5-TMZ  I'll.OH  laser  pumped  bv  a  CO, 
laser  i.  1  tcrahert:  *  10 1  '  If.'). 

Ucbersfeld  is  quite  interested 
in  the  flicker  phenomenon,  which  has 
been  observed  to  persist  down  to  10* 

Mr  with  a  level  independent  of  tempera¬ 
ture.  Improvements  in  quart;  resonators 
hare  recently  reduced  the  flicker  noise 
b  •  ID  to  JO  dR  ;  this  noise  tails  .is 
!  C*  when  their  when  then  rj  is  largo. 

•  Ybersfold  con  lectures  that  the  llicker 
phenomenon  arises  from  macroscopic 
delects  m  the  oscillator.  lor  a 
thorough  presentation  of  the  state  of 
knowledge  concerning  this  ettect,  lie 
recommended  the  :  r.  •;  :«  of  the 

symposium  on  1  fn  fluctuations  held 
m  .'ulv  19"  under  the  leadership  of 
Prof.  T.  Musha,  Dept,  ot  Applied  Phvsic", 
rokvo  Institute  ot  Technology,  Vigatsuta, 
Vidonku,  Yokohama,  da  pan. 

Other  LPTF  personnel,  sucli  as  pr. 
t-.ian  d.  .limine:,  were  drawn  from  the 
ln'titut  d  '  1  1  ec  t  ron  ique  Fondar.cn  t  a  1  o 
of  the  Univ.  of  Pans  XI  in  Orsav,  when’ 
Iim{ne:  received  his  doctorate  in  10*4. 
There  has  also  been  close  cooperation 
between  the  LPT!  and  the  National  Bu¬ 
reau  of  Standards  in  Boulder,  CO,  where 
linfne:  spent  a  year.  1.  Russell 
Petersen  of  NBS,  in  turn,  spent  a  leave 
o  f  absence  at  L  PTI  . 

The  LPTI's  Lahoratoire  dc  MBtrol- 
ogie  dcs  frequences  (LMF)  has  a  staff 
of  five  people  concerned  with  the  devel 
opoent  of  frequency  standards  and  with 
the  measurement  of  optical  frequencies 
as  well  as  with  the  previously  mentioned 
work  carried  out  ;oinllv  bv  the  IMF 
and  the  SMI.  In  the  cellars  of  the 
Observatory,  well  isolated  from  vibra 
t ion  and  temperature  fluctuation,  this 
group  has,  with  the  assistance  of  NBS 
and  groups  at  UPVI  and  UPXI,  constructed 
copies  of  two  NBS  laser-frequency- 
synthesis  chains  linking  a  helium-neon 
laser  at  88. A  THz  (A. 59  uml  to  a  Cs-beam 
clock  via  a  series  of  microwave  oscil¬ 
lators  and  lasers  at  intermediate  fre¬ 
quencies.  Successive  links  are  joined 
by  means  of  nonlinear  devices  that  beat 
one  input  with  a  harmonic  of  the  other 


and,  in  some  cases,  with  an  additional 
klystron's  output  to  bridge  the  remain¬ 
ing  frequency  difference. 

The  earlier  design  was  executed 
in  19*7  at  LPTF  and  has  also  been  im¬ 
plemented  at  the  National  Physical 
Laboratory  in  Teddington,  Middlesex, 

Uk,  whith  l'  responsible  for  British 
standards.  The  improved  chain,  com¬ 
pleted  this  year  at  LPTf,  employs  a 
superconducting  cavity  for  stabilizing 
the  1  owe st - f requeue v  ( Gunn -e f f ec t ) 
oscillator,  as  a  loaded  0  of  about 
li’:l  can  be  achieved  in  this  way, 
yielding  a  short-term  frequency  stabil¬ 
ity  better  than  1 0 ’ 1 4  and  a  long-term 
drift  of  ? J  ■  1 0 ” 1  *  per  day  (N.R.  Stein 
and  I.P.  Turneaure  (NBS  and  Stanford 
Univ.  I,  ir  ;.*>T,  65,  pp.  1J49-1JSU 
(Aug.  1975)).  A  dosFphson  junction 
is  used  to  multiply  this  oscillator's 
10-itHz  output  frequency  bv  4J5  to  reach 
the  iff, OH  laser  frequency,  thus  reducing 
the  number  of  links  needed  m  the  chain. 
I  rap  rovemen  t  s  m  the  lasers  allow  this 
one,  along  with  two  UP,  lasers,  to 
suffice  in  reaching  the  He-Ne  frequency. 
Bv  using  the  t's  clock  to  count  the  fre¬ 
quency  of  the  microwave  oscillator,  the 
IMF  expects  to  be  able  to  measure  any 
frequency  between  J$  (111:  and  S.8  TUz 
with  an  accuracy  better  than  10~1J  for 
both  spectroscopic  and  indust  rial  -  laser 
appl icat  ions  . 

With  further  improvements  in  non¬ 
linear  devices  it  is  hoped  that  fre¬ 
quency  measurements  can  be  extended 
to  the  visible  range.  ihc  highest 
operating  frequency  so  far  realized 
has  been  obtained  with  a  mctal-insu- 
lator-netal  iMIM)  po lnt -con tact  diode 
at  NBs,  and  LPTF  is  fabricating  HIM 
diodes  in  an  effort  to  push  them  be¬ 
yond  900  TM:.  The  Laboratory  has  suc¬ 
ceeded  in  producing  a  contact  point 
with  radius  less  than  50  nm  (0.05  urn) 
by  electrolysis  of  a  1-mil  tungsten 
wire.  The  other  metal  is  nickel;  the 
oxide  insulating  layer  between  the  W 
and  Ni  is  J  nm  thick. 

Since  1966  the  international  stand¬ 
ard  of  length  has  been  the  radiation 
corresponding  to  the  transition  between 
the  Jp,,  and  Sd.  levels  of  the  kryp¬ 
ton-86  atom;  the  meter  is  defined  as 
1,650, 765. "3  times  its  wavelength 
(605. ''B  nm)  .  Kith  the  extension  of  the 
frequency-measurement  chain  to  such 
visible  frequencies  as  the  49$  THz  of 
'*Kr,  the  standards  of  time  and  length 
can  he  unified,  and  it  will  be  possible 
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to  replace  the  Kr  lamp  with  a  stabilised 
lfcser  to  provide  a  better  definition 
of  the  meter.  Alternatively,  a  single 
standard  could  serve  to  define  the 
units  of  both  time  and  length  if  a 
conventional  value  should  be  adopted 
for  the  speed  of  light. 

Just  as  radio  waves,  formerly  de¬ 
nominated  in  terms  of  wavelength,  are 
now  general  lv  described  in  terms  of 
frequency,  it  appears  that  infrared 
and  even  light  waves  arc  undergoing 
a  transition  from  Angstroms  or  nano¬ 
meters  il  nm  -  10  i)  to  terahertz,  as 
chains  of  oscillators  are  gradually 
making  it  possible  to  count  their  oscil¬ 
lations.  Progress  in  the  accurate  meas¬ 
urement  of  time  and  frequency  involves 
painstaking  efforts  toward  equally  pro 
^ise  standards  in  many  countries,  and 
France  is  endeavoring  to  catch  up  with 
the  US  and,  if  possible,  to  surpass 
it  in  particular  types  of  stabilized 
lasers  or  nonlinear  devices.  Among 
the  beneficiaries  of  better  time  and 
frequency  standards  will  be  navigation 
systems,  geodesy,  1  o  r.  g  -  b  a  s  r  1  i  n  e  inter- 
fcroBetry,  v omnun is  at  ion  systems,  and 
relativistic  research,  some  of  which 
already  require  tine  information  accu¬ 
rate  to  a  verv  -mall  fraction  of  a  nt 
srosccond.  -\s  such  prevision  becomes 
more  widely  available,  it  will  permit 
a  wider  scope  for  both  research  and 
technology.  i Nelson  M,  Hlachman, 

GT!  Sv  Ivan  in  Systems  ilroup.  Mountain 
View,  ('  \ ) 


pri.RATlONS  R 1 . S 1  ARi'H  IN  l-.Rf.Ei~f 

While  llroccc  is  less  developed 
than  the  industrial  countries  of  western 
lurope,  it  is  much  more  dove  lope.!  than 
the  evolving  countries  of  Africa  and 
the  Middle  Fast.  This  is  especially 
true  of  its  infrastructure,  and  opera¬ 
tions  research  and  the  systems  view¬ 
point  seem  to  come  rather  natural  Iv¬ 
in  Greece.  There  is  a  large  and  active 
OR  Society,  manv  members  of  which  seem 
to  he  doing  verv  good  operations  research, 
in  spite  of  the  fact  that  there  is  very 
little  operations  research  education 
in  Greece.  Some  have  taken  graduate 
instruction  in  operations  research  in 
the  US  or  the  UK;  others  seem  to  have 
picked  it  up  in  an  OR  course  somewhere, 
or  else  by  osmosis. 


For  example,  the  public  Power 
Corporation  ( f.'GA'  33-7: J7S)  has  an  Opera¬ 
tions  Research  Section,  with  five  pro¬ 
fessionals  and  two  aids.  The  two  pro¬ 
fessionals  with  whom  I  talked  were  Dr. 
Polyzos,  who  took  his  doctorate  in  OR 
at  Johns  Hopkins,  and  Mr.  Anastios 
Vilaetis,  who  took  a  Master's  degree 
in  OR  at  the  Univ.  of  Detroit.  The 
other  three  were  either  trained  in 
Greece,  or  not  trained  at  all  in  OR. 

They  work  with  the  consultancy  of  Prof. 
D.A.  Xirokostas  (see  below)  and  seem 
to  have  done  a  lot  of  useful,  hardheaded 
work.  Examples  listed  by  subject  are: 

Power  Dispatch — The  section  has 
implemented  a  quadratic  programming 
optimization  of  economic  power  dis¬ 
patch.  (The  quadratic  not  function 
tomes  f rom  the  l'R  loss  in  the  lines.) 

Manning  levels — The  section  set 
up  a  model  to  determine  whether  the 
various  distribution  areas  arc  over¬ 
manned  or  undermanned,  by  predicting 
a  standard  manning  level  based  on  such 
variables  as  the  load  in  the  area, 
the  number  of  customers,  climatic  and 
terrain  factors,  and  the  like.  There 
was  no  specific  implementation  of  the 
model  ,  the  results  were  discussed  with 
appropriate  managers,  but  in  general 
the  principal  value  of  the  study  was 
negative;  that  is,  the  investigators 
were  able  to  demonstrate  quantitatively 
that  there  were,  m  fact,  no  signifi- 
. ant  unexplained  deviations  from  one 
area  to  another.  (This  is  one  of  two 
of  such  studies  published  in  refereed 
British  journals). 

Manpower  Forecasting — This  relates 
to  and  follows  the  manning  studies 
discussed  above  and  is  the  first  step 
m  manpower  planning.  A  factor  analysis 
showed  that  manpower  requirements  de¬ 
pend  primarily  on  three  variables: 

I)  the  number  of  customers;  -)  the 
amount  of  high-voltage  energy;  and  31 
the  length  of  the  network,  as  measured 
hv  the  number  of  transformers.  A  re¬ 
gression  analysis  on  these  variables 
was  carried  out  to  formulate  appropriate 
predict  ions , 

Materiel  Inventory  Control — This 
is  classic  inventory  theory  applied 
in  some  imaginative  ways.  It  has  been 
partially  implemented  and  has  been  pub¬ 
lished  in  a  refereed  British  journal. 

Tole  Maintenance — The  decision 
problem  is  how  often  to  inspect  the  low- 
voltage  poles.  If  on  inspection  a  pole 
proves  to  he  defective,  it  can  be  re¬ 
placed.  failure  to  do  so  may  lead  to 
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■i  rather  expensive  outage.  On  the  other 
hand,  the  inspection  procedure  itself 
l s  expensive,  and  so  clc.trlv  there  is 
an  optimal  time  for  inspection.  The 
conclusion  of  the  study  U'  that  the 
inspection  period  should  be  lowered 
!  i  cm  Is  rears  to  about  in  or  1.'.  Again 
this  is  classic  maintenance  theorv  ap¬ 
plied  i n  no ve  1  wavs. 

1 h e s e  few  examples  are  cited  out 
ot  dozens  available  to  indicate  that 
vipe  rations  research  in  Greece,  or  at 
least  in  this  ,  nrpor.it  inn  ,  is  relativelv 
f.  at  ure  .  these  professionals  are  able 
t.>  use  sophisticated  techniques  when 
appropriate  and  have  a  keen  eve  for 
applications  and  for  the  nature  of  the 
real  world. 

The  Operations  Research  Societv 
i'l  recce  iHIl.ORN)  has  over  'OC  members 
and  in  Athens  thev  were  able  to  turn 
out  an  audience  of  well  over  Si-  dues- 
p.i.ing  members  to  attend  a  lecture  that 
!  gave  in  inglish.  Inglish  is,  of 
course,  the  most  common  foreign  lan¬ 
guage  in  ('reeve.  The  first  president 
of  the  creek  Operations  Research  Societv 
was  a  General,  and  there  is  still  strong 
operational  research  studv  in  the  mili¬ 
tary,  The  Saw,  for  example,  has  about 
4  5  people  in  OK,  headed  bv  a  i  .iptam 
Ra  1  1 1  s  ,  who  took  hw  vs,  in  OR  .it  t  ran 
field  Institute  o !  Teihnologx  -hedforJ. 
Uk>.  His  opposite  number  in  the  Af  , 
Oolonet  I’anpouikis,  has  an  Ms,  in  Aero 
space  lnginecrmg  from  lolunbia  ''nix., 
and  he  also  studied  operational  research 
there, 

Ihe  level  of  soph i s t i c at  ion  in 
operations  research  is  all  the  more 
surprising  in  view  of  the  , ompa r a t i ve 1 v 
snail  amount  of  education  in  this  field 
given  in  ('.recce.  Most  of  the  OR  practi¬ 
tioners  appear  to  have  been  trained 
in  engineering,  economics,  and  other 
related  fields  and  to  have  picked  up 
operations  research  somewhat  inciden¬ 
tally.  There  arc  onlv  two  .hairs  m 
operations  research  and  related  fields 
at  the  National  Technical  University 
i Po 1 vtcchn ion :  in  Athens;  one  chair  at 
Thessaloniki,  which  is  the  second  larg¬ 
est  city  in  ('.recce;  one  chair  at  Patras, 
which  is  the  fourth  largest  city  in 
('.recce  (the  third  largest,  if  Athens 
and  its  suburb  Piraeus  are  considered 
to  be  a  single  city);  and  a  chair  at 
the  University  of  Athens,  which  is  cur¬ 
rently  vacant.  A  new  university  is 
being  built  in  Grete  where  an  operations 
research  chair  may  be  created. 


In  Greece  education  is  free. 

Ib.is  is  not  merely  a  custom  or  regu¬ 
lation,  it  is  actually  written  into 
the  constitution.  It  is  somewhat 
difficult  for  students  to  he  accepted 
bv  a  university,  most  hire  tutors  to 
prepare  for  the  entrance  examinations 
if  thev  are  to  be  successful  applicants 
Hut  once  they  are  in,  there  is  no  tui¬ 
tion,  all  books  and  dormitories  are 
t  ire,  and  t  lie  food  is  highly  subsidized 
Mole  than  upl  of  the  entrants  graduate. 

v.nirse,  the  ranks  in  the  more  dif¬ 
ficult  courses,  such  as  engineering 
and  mathematics,  are  depleted,  many 
students  finding  these  more  difficult 
than  thev  anticipated. 

I h e r e  has  been  a  good  deal  of 
activism  among  the  students  at  the 
universities  in  Greece.  The  walls 
of  the  National  Technical  University 
are  covered  with  graffiti  and  the 
students  frequently  strike.  Last  vear 
tl. ex  had  a  verx  serious  strike  that 
resulted  in  losing  half  a  semester. 

.’ne  professor  said  to  me  "this  was 
the  first  time  a  strike  had  cost  the 
students  anything."  In  the  past  the 
administration  had  always  given  in 
to  all  student  demands.  This  year 
so  far  there  has  been  no  trouble,  but 
rvervone  is  holding  his  breath.  It 
is  also  true  that  students  tend  to 
stax  away  from  lectures  in  large  num¬ 
bers.  This  max-  he  caused  in  parr  by 
the  very  crowded  lecture  halls.  Typ¬ 
ically,  of  the  .'50  students  in  the 
first  OK  course  I’th  scmesterl  at  an 
average  lecture  only  ahout  ITS  students 
are  in  attendance. 

At  Patras  the  chair  is  held  bv 
Professor  Sissouras,  a  friendly,  en¬ 
thusiastic  To rba - 1 he -Greek  type  of 
man.  lie  took  his  doctorate  at  the 
Unix,  of  Manchester  in  OR  in  health 
systems  and  is  now  working  on  optimi¬ 
zation  of  ambulance  and  emergency 
health  services  in  Athens.  He  teaches 
the  only  course  in  OR,  a  two-semester 
course,  optional  for  all  engineers 
in  the  fourth  or  fifth  vear.  There 
is  no  degree  in  OR.  There  arc  no 
Master's  students  (MSc  degrees  arc 
not  given  in  Greece)  but  there  are 
three  PhD  students.  I  talked  with 
one  of  these,  George  Mega  1 okononos , 
whose  bachelor's  degree  was  in  elec¬ 
trical  engineering  at  Patras.  His 
thesis  topic  is  a  production  case 
studv  in  the  local  textile  industry. 

The  Univ.  of  Patras  is  on  one 
of  the  loveliest  campuses  1  have  seen. 
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It  is  on  the  Peloponnesus  and  fronts 
on  the  gulf  looking  northward  across 
to  the  mainland  of  (Greece.  Behind  it 
are  snow-capped  mountains.  The  campus 
is  10  years  old  and  now  has  '000  stu 
dents;  it  will  be  expanded  shortly  to 
-0,000  students. 

We  stated  above  that  there  ate 
two  chairs  related  to  operations  re¬ 
search  at  the  National  Technical  Uni 
versity.  Nominally,  there  is  onlv 
one  chair,  held  by  Prof.  P.A.  Xirokostas, 
who  took  his  doctorate  in  elect  rival 
engineering  in  Birmingham  lUk)  in 
stochastic  optimal  control.  The  other 
vhair,  held  bv  Prof.  Ioannas  Pappas, 
is  called  Industrial  Management.  Both 
chairs  are  in  the  faculty  of  Me c h a n i c  a  1 
Inginecring.  Both  give  primarily  un¬ 
dergraduate  instruction,  namely  a  I  lie* 
vear  bachelor's  degree,  with  a  snail 
number  of  doctoiai  students.  I n  the 
third  year  Pappas  gives  a  two -semester 
course  in  production  management  and 
business  a  dm  in t s t r a t ion  t o  students 
mj'oring  in  industrial  engineering, 
production  engineering,  and  mechanical 
engineering.  Some  o!  those  students 
also  take  a  course  from  Pappas  in  the 
sixth  semester  on  business  games  and 
statistics  and  m  the  eighth  senes tet 
on  work  study,  economic',  and  production 
planning  and  control.  In  the  ninth 
semester  there  is  more  economic'  and 
more  production  planning  and  conttol. 
Students  also  take  some  course'  in  t he 
seventh  semester  in  engineering  econon 
ic  s  from  the  economics  chair,  and  c'K 
courses  given  b v  V 1 1 o k o s t  a s  in  the 
seventh,  eighth,  and  ninth  semesters. 

Actually,  Xirokostas  and  Pappas 
are  not  as  busy  js  this  makes  them 
sound.  .hesc  courses  are  given  by 
their  respective  chairs,  but  that  may- 
mean  that  they  are  given  bv  assistants 
to  the  professor  in  that  chair.  As  so 
ciated  with  Tappas'  chair,  for  example, 
there  are  a  I>r .  lordamdes,  who-  holds 
a  rank  which  might  he  translated  into 
something  like  associate  professor, 
and  Prs.  Ibeoglon  and  Sanoui 1 i d i ' ,  two 
senior  assistants,  all  of  whom  share 
in  the  teaching  load. 

The  University  does  not  use  the 
concept  of  contact  hours,  but  when  I 
aslcod  Pappas  about  this,  be  said  he 
averaged  about  five,  plus  two  in  the 
Operations  Research  (enter  of  the  Na 
tional  Technical  University.  Pappas 
is  the  Director  of  this  Center,  whose 
primary  function  is  to  give  post-uni¬ 
versity  training  to  appropriately  tech 


nicallv  trjined  people  with  j  bachelor's 
degree  as  a  minimum  in  a  technical 
area  ; engineer ing ,  economics,  science, 
math  I  .  It  is  a  full-time  course,  with 
a  certificate  given  upon  satisfactory 
comp-let  ion.  Because  of  the  const  i  til 
tional  provision  for  flee  education, 
the  renter  is  not  allowed  to  charge 
a  lee  ter  this  course-.  Partly  as  a 
I e cult  ol  this,  some  students  don't 
take  the  course  very  seriously,  and 
their  ale  many  dropouts  in  the  first 
teim.  while  Pappas  and  Xirokostas  are 
given  additional  pay  foi  teaching  in 
the  ■. ' k  i  enter,  it  is  onlv  iuH*  drachmas 
a h.- ut  $  1  H  per  teaching  hour,  which 
is  essentially  nothing. 

\v  stated  above,  there  is  no  Ms 
•  t  Ms.  instruction,  and  there  arc  no 
.  1  a s c - oom- t v pe  doctoral  courses  in 
! e e . e .  Ihe  lew  students  who  do  get 
ioc  tetates  do  it  purely  on  the  basic 
et  research.  Xirokostas  and  Pappas 
each  have  two  er  three  students.  Un 
average  there  ts  much  Irsv  research 
done  and  published  bv  the  stall  than 
m  a  corresponding  American  or  British 
university.  However,  all  the  UR  people 
have  consulting  contacts  that  allow  them 
t  ■'  do  a  lot  ■-!  interesting  te  search, 
which  occasionally  leads  to  publication. 
Robert  1.  Mac  ho  1 
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The  Conference  hear  mg  the  above 
impressive  name  convened  in  the  He  1 s 
field  Hotel  in  Bownes s - on- h i ndc rmc re 
i  r.  the  Irglrsh  |  ike  District  at  14  Xu 
oil  iursdav  ,  '  April  l '* “ *»  and  concluded 

at  !  1  :  i’  on  IriJav,  t>  April.  Wednesday 
attetnoon  was  free  for  sightseeing, 
but  t  he  rest  t  the  T  i  me ,  from  P'loo  to 
] S  ,  was  well  tilled  with  t  e  c  h n  1  c  a  1 
sessions.  The  idea  o  f  starting  and 
ending  at  m.tddav,  so  that  people  can 
travel  in  the  remaining  half  dav,  is 
one  of  several  ways  in  whi.h  this  meet 
irig  was  different  ( ron  the  run-of-the- 
mill  technical  conferences  on  OR-'Ms. 
Another  difference  was  that  it  took  a 
middle  course  between  the  elite  b v - i n vi¬ 
tal  ion  -onlv,  and  the  usual  open-to-all 
conference,  bv  having  speakers  hv-invi- 
tat  ion-onlv  hut  attendance  open  to  whom¬ 
ever  wanted  and  could  afford  to  come. 

Ihe  lattci  was  nontrivial,  since  the 
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tee  ot  i  1  vOVfieJ  onlv  t  cp  l  rut  ion, 
a  coup  lo  o  !  v  up*  o  i  tea,  and  some  shvi  !  v 
it  the  reception  on  the  lirst  putuiij;. 
lux  thermo  re,  the  JiMwsMon  ot  papers 
*  a  '  Jittcrcntlv  organised  thjn  : 

':v  hour  w .1  s  scheduled  tor  the  Jclivexy 
'  t  each  piper,  and  .inothcr  hoai  m:  the 
foil  ow  i  ng  via-,  was  scheduled  ivi  it*' 

i  .u  h  o  t  then*  Jit  t  c  i  e  IK  e  **  h  u  >  it  n 
-i  J  .  ant  a  ge  *»  and  J  i  s  u  J  v a n  t  u go  s  ,  l  he  t  rav 
i*l -tine  ax  run go nr nt  was  p.»  i  t  i  v  ul  a  r  1  y 
,  -  n  v  e  n  i  e n  t  h  e  v  a  a  s  e  .i  ?jhm  iti  o  t  t  h  e 
attendees  ».  umo  iron,  ox  Through,  i  i'll  Jon, 
and  it  one  lived  in  London  •  the  svheJ* 

.si  mg  it .»  "  i  vi  -s  t  flight  to  f.  j  i  <•  a  v  on  lot 
Table  bleak  last  and  then  take  .»  txaxn 
To  the  .  on  t  e  r  erjv  e  .  Alter  it  h.is  ovet, 
one  v.o:ilJ  i  1  no  leave  m  plenty  ol  time 
to  yet  hone  tor  Jinnei. 

the  lake  1'  i  >  t  n  v  t  t<*vhnn  j1  lv, 

?  V;  i*  ..'an  tv  ol  urbri.i,  fox  Per !>  he**!- 
n . ' :  1  .i  n  i  1  o  in  the  n  o  r  ?  h  w  e  *•  t  x.  o  r  n.  e  : 

!  I  nitlanJ,  a n J  k  j;t  onlv  he  reached 
iron  no  s  t  of  i  tig  land  alter  a  t.m  !v 
1  e  n  g  t  h  v  v  4  r  or  train  trip.  Ho*  e  v  e  ?  , 
it  is  .j  r.r  o  l  T  he  “v"f  a  T  !  r  a .  T  j  v  e  p  axis 
>M  a  go  ne  tall  v  attractive  ..'ur.tt^  and 
i  harming  location  t  o  i  a  *,  vti!  e  x  e  n *  e  . 

» h  i  i  c  it  was  still  p  T  «•  t  T  •  o-Id  •»  t  that 
!  ir.c  !  •‘eat  ,  a  n  J  there  was  •  no*  on 
t  *  e  '  i  r  :  e  an  J  I  h  g  h  i  1  1  ! .  ;  s  ,  the  .  o  a  n  1 1  * 

■  ;  .! e  »  a  s  r. aynn  .  v  r n  t  .  I  n  .» .!  Jit  i  o  n  , 

There  is  a  ytc.it  de  a  1  o  t  hist  v' :  •  ,  it* 
.lading  fco  r  J  >w  o  i  t  h  *  '  tt.iyr  at.  J,  m 
howi.es’.  #  an  .in*  ter:?  J,.ir.h  that  -a 

h e  the  • '  t  i  g  i  n  o  t  the  \-ct  u  a n  f  1  .*  *:  ’ 

1  h  e  «.  h  u  r  s  h  el  ^  t  .  'fa  r  T  i  n  dates  *•  fa*. 

T  i  a  1  1  *  J  r o Ms*.,  a  1  :  no  ugh  a n  e  a  i  1  ;  e r 
.  h  j  r  w  h  existed  •  *•  t '  e  *.  an  e  *  i  :  e  a  •  I  r  g 
■K  '  *n  1  The  east  window  s  •  “ado 

o !  an  ient  stained  .  -  * -*  t  e  •  :  t 

1  .*  t  i  g  t  r  o -  T  he  1  ■' !  h  N  e  :*.  ?  a  t  s  ,  ‘  !  -  * 

l'r  i:.,;  callin',  and  s.-.r  >t  it  damage  I 
i  n  x  *  -  *  e  1  ;  *  d  i  .  ,  » \  f  :  e  p  «  .  r  e  J  *  s 

!<•  •* n t  1  v  as  the  1  *th  .  r  t.ir»  .  the 

i '  sent  M  a  '  a  t  ?  *  r  t  p  f  ?.':***  cast 

ate  the  .  o  » t  '  t  a  :  n  s  v>  *  >  e  \  **  ?  1 1 

1  .  *  I  1  a  -  t  1  i  e  s  ,  j*:.  i  i  i  r,y  the  K  a  n ,, 

T  r.  .  .  This  v  ;  >  4  T  e  }  i  ,  "  a  r  , 

t  •»  '  K  a  x  s  .» r. .!  i  *•  s  h  i  *'  •  •  1  :  e  <_•  -  .lie's 
..  1  e  s"  *  xi  a  silver  b.i.  k  x  o  m  .!  t  *  :  1 

hh  and  three  stars  i  -  sap;  ose  i  T  ■ 
k  e  the  o  r  i  ic  i  n  o  t  ,!  i  r  ^  •  a  r  -  »  !  Ox  ;;r«  . 

■  c  r  t  a  i  n  i  ?  o  t  h  at  a  e  s  t  n.  r  r  1  \  r.  J  »  « •  *  n  T  v 
i  n  \  i  r  £  i  r.  i  a  ,  site  of  1 '  t  .  »  c  rr.  o  n  ,  i  « 

Taken  f  r  or.  the  aid  n  a  *c  of  f  h  is  dis¬ 
trict,  brought  over  h  e  a  r  1  >  settler-' 

;  n «.  i  u  d  i  n  c  the  ^  a  s  h  i  n  ^  t  o  n  f  a  -*  i  I  v  . 

\  w  o  r.  f  c  r  »■  n  v  e  in  *  h  i  c  h*  .ill  <>  t'  t  h  e 
pi;  ers  are  !  i  x  s  t  *  r  a  t  e  is,  of 
everybody's  drear..  I  dcaht  that  this 


was  (or  could  he)  achieved,  but  surely 
there  wcie  fewer  second-rate  papers  here 
thjxi  in  must  vonferences.  There  were 
three  plenary  sessions,  and  during 
the  five  t  m-  periods  set  aside  for 
tin  hnu.il  presentations  (complemented 
M  live  additional  time  periods  for 
J  i  *.  v  us  s  i  on  I  ,  there  were  three  papers 
i s  iniu  1  t  aneeus  sessions,  so  there  was 
usually  little  difficulty  in  finding 
at  least  one  that  one  wished  to  hear. 
However,  t h i s  very  eliteness  contribu¬ 
ted  to  the  high  o'M  of  the  conference, 
’.here  were  on]v  about  SO  attendees 
ii'.  all,  a  n  d  no  x  e  t  ha  n  half  of  t  h  cm 
? r. r jvcJ  some  sort  o  f  subsidy:  p a r  t i a  1 
remission  of  fees  for  session  chairmen, 
fill  remission  .  j  !  tees  for  speakers, 
an.!  loaiplctc  subsidy  v  including  travel) 
f -  r  the  Sussex  stall  and  fox  two  dis- 
t  i  rjgu  i  sh.ed  speaker*-,  one  from  the  IfS. 

!h  :s,  while  there  was  a  small  profit, 
it  »o.i  Id  have  been  turned  into  a  loss 
M  a  1  i  g  h,  t  1.  smaller  .it  ten  dative,  su.'h 
pio'tit  .1-  there  was  "will  be  wholly 
Je voted  to  supporting  operational  Re* 
s  «*  a  x  w  h  i  n  t  h  e  '  'n  i  \  e  x  s  i  t  >  of  Sussex." 

If  was  Prof.  h.H.P.  Ri\«.tt  ■'  f  the  OR 
!  ep  .« :  t  met  1 1  at  ^  us  sex  wl*.«;  organ  i  ;cd  and 
:  »  f  h  i  i  •  n  f  e  r  c  n  v  e  and  its  ?  w  o  p  r  c  d  - 
e  •’  !•.  •  -t.e  at  O  v  * .  *  d  M"?  and 

•”.e  other  at  ''  t  :  a  t  f  ox  d  •  upor.  -  Ax  on  in 
1  * "  ’  .  In  f  a .  T  ,  it  was  1  v  muv  h  of 

a  .  -how,  w  i  t  h  Rive  ft  choosing 

*  e  peaMT’-  and  general!  v  d.e  t  <  r  - i  n  i  ng 

*  *.*  *  .  i  ~  ♦  the  u'Mncfi.r. 

The  rrlh.\!  <  •  ‘  -!  j  s  >.  u  *-  s  i  or.  did  not 

w  r  >  as  well  as  o- <  -  sght  have  thought, 

*■.*  •  t  ‘  T  mct*'d-  d  ''\  *  f  work  \  e  J  >  well 

either.  I  ri  -.i?M  v  -  •*.  1  e  j  e  v  e  s  t  h  ere  i  ' 

’  •  token  .!i  -  or-  •  i  ". ,  whivh.  o  not  vrrv 

•  t  i  s  f  a  v  t  o  x  *  ,  a r. '!  t  r  e.^  iion  t  1  v  J  i  sv  u  s  v  a n  t  v 
*  hnr  r . . '  t  had  Time  t  •'  *'Xg.i:w;o  their 

*  u g ' .  T  '  give  .1 1  '  ;  o  l  r.  t  e  d.  ;  ii  'ciit  a  t  ions, 

‘b  ;e  T  h  <*  !  i  s .  . ;  ■  was  o;  ene.j  a  v].n 

» f  t  e  x  the  »'  r  •  g  i  1  paper,  ;  r  c  sum.ih  1  y 
w;:'  The  ware  audience  present,  b\  a 
!  i  g  r.a  t  r  d  d  l  •  v  u  s  s  an  t  w  h  •'  was  a  1  *»  t  t  r  d 

*  -  •  -mute*.  i.\v  .iMon.ii  1  v  )*.  v  u  ••  c  J  h  i  s 

*  •  •*  -jxiiites  t«'  ignore  The  original 

p r a k e  r  and  give  a  'p’Cvh  of  his  o w r. 

T‘  ■  sa-r  t  op  ;  c  ,  but  -  •’  ■-  t  l  .  these 
!  i  s  u\  s  i  on  •-  w  e  i  e  v  e  r  \  ana  1  v  X  j  v  a  1  and 
v  e  t  *•  Thorough.  Thev  tended  to  be  foi 
lowed,  !*v  one  or  two  well-thought-out 
presentation',  that  had  nothing  To  do 
with  the  b e a u t  \  f u  1  outline  laid  out  b v 
The  ,iis4uss|on  leader  *bev.iusc  thev  had 
hern  written  v*  c  f  o  r  <-  his  presentation-, 
ir-.d  then  followed  h\  a  discussion  that 
w  a  *  not  very  different  f  r  o"  w h  at  it 
would  have  been  had.  the  disiussjon 
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<•  %  ■>  r  n t  I  j  1  1  ■  1  Jrnt  Kill  In  one  hr  had 

('ivr:i  four  vears  earlier.  It  turns  out 
that  kivrtt  had  heard  that  presentation, 
Iren  fin'  Inatrd  tv  it,  and  asked  Kendall 
to  repeat  it  for  us. 

Kendal!  started  hi  pointing  out 
that  quite  io~plrx  r.aps  x  an  hr  accu- 
!  ate  1  v  r  e  s  i:  t;  s  t  r  u  v  t  e  d  ,  £  i  ve  n  no  i  n  f  o  r  - 
"■  a t  1  i'ii  exirit  s’llih  regions  shut  which 
met  :  cl;  :  on  •■ .  He  showed,  for  example, 
’he  rap  c  !  tf.e  * raitilarid  departments 
f  !  rurnc  and  then  a  new  nap  that  was 
!'  -arkiMi  similar  t  •.  the  original  , 

•  e  :  it  was  .  on  st  hi,  ted  hi  a  i  ompu  ter 

had  a'  it;;-.. fs  <»n  1  »•  the  lruidente 

-  a  t  r  i  i  t  h  a*  a  •  t  a  1  i  t  o  rm a  t  l  on  . 

He  then  w t  n t  to  a  p i ot  1  cm  which  was 

:  -  i  1  a  r  i  ue;  t  t*  at  sore  of  the  at'  u  t  t  a  1 
■  t  r  *  a  t  ior.  wa*  ■;>iiiii;;  naraelv,  :econ- 

■  t  :  t  .  t  i .  .(  the  V  a O  i  of  Kh.  i  x  1  e  v  , 

‘  •  •  •  .  ■  a  .  e  s  t  r  s  had  iime  ,  In  the 

-  •  .  t  t  e  : .  jiiri"  .  (  ■  .  ji  h  a  manor,  o  n  r 

.!  tf.it  indi  viiu.il  parcels  are 

•  .  - 1  !  ,  -  1 .  *  :  •  (ivi  led  i  M"  p.tr.il  If  1 

t  :  . ;  s  ,  ad  ;  •  d  e  s .  •  i  *■  i  n  g  it,  the  vi  r 

.  <  .  :  will  -  i .  t  '•  a  t  its  st»;p*  "run  from 

'■  "  » '  r  •  i  »  and  h  are  the  na-.rs  of 

r  *  .  :  ;  a  i  e  j  ■  ,  .fid,  we  v.  ••*  know  ahu  t 

*  •  e  |  ,e  •  t  i  or; .  i  1  e  a  1 1  v  ,  a  s  on  - 

;  ..  t.  •  ’  :  s  ..i  '  :  n  f  o  r  -  a  t  i  or.  would 

•  e  ■  i :  t  :  .  i  en  t  ,  h ..  t  it  !•  r  •  not  exist. 

'  ;  .«r  els  ate  re . r  an  gu 1  a  r  ,  each 

.  i  rjl  tout  neighbor*  ,  and 

•  .  t  s  ,  it  that  cm  the  average  we 

•  .  .  i  .  ■  t  :  -  1 1  j  ti  or.  itc.,1  t  f.rec  ;  it 

.  .  ’  .  r s  .ut  ’‘at  t'  cerrtii.illi  the 

■  ■  *  ,rr  ;■  ..J  e  r!  and  on  1  v  if  there 

•••it*  ;•  miration  on  an.  average  of  at 

•at  •  !  ree  •  i  i  x'hho  r  s  .  Thus  ,  the  da'  a 
t  ’  e  hot  Jet  S  me  of  what  is  notes  - 

■•re,  and  a  r  p  u  t  e  r  p  r  i  g  r  am,  has  been 

w  r  > i  '  ut  w *■  l ,  h  ha*  "the  advantage 
.  •  t  earlier  *  hand  ’  methods  ■  that  the 

•  e  to  whi.h  in'  tec  t  ive  .lodgments 

ir-  r-j  p-ir.!  an  hr  ,  a  r  e  f  u  1  1  v  i  on  • 


!•  r  \  e  ;  t  then  !e*crihed  a  prohlem 
•r.  w'  h,r  was  working  that  adapted 

•he  *. ,» -  e  too],  nameli,  "Th.e  ttsr  of 
ai-  lofal  Mapping  Technique*  in 
‘  •  i :  .  .  i  r.  g  Mult  ii  r  i’er  i.i  1'ec  «s  ten  Making.” 
"•  .  .Ira  !•-  to  .  instruct  a  "map”  of 
1 1  :  1  i  r  i  >  s  or  preferences,  h  a  *e  d  on  an 
,  Iriif  matrix  similar  t  Kendall's, 
that  itself  :■  based  on  indifferences. 
That  i * ,  if  ono  knows  that  the  decision 
-akrr  is  indiffeient  between  A  and  P , 
he  ,  an  male  then  oliaient  ora  a  map,  and 
if  all  goes  well,  at  the  end  of  the 
-a;  i  .o.st  ;  „>  t  ion  the  most  preferred 
alternative  will  hr  a’  the  top  and  the 
least  preferred  at  the  bottom.  One 
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trouble  i  that  ■.  t  ,i'  likely  to  b  e 
tin'  -thet  kjv  i  omul  — that  n,  this  tech- 
:!  U(,n-  use-  onlv  the  mJi  1 1  iTcnces  and 
not  the  I'tflririKf'.  It  there  i  s  indeed 
a  c-iis  tdetaMc  amount  o  t  preference  data 
available,  then  '.his  technique,  wh  id: 
requires  .li>; aiding  such  data,  sai  not 
he  wr'  rewarding  in  the  null  untrin 

di\  1  >  KHl  problem,  Ihls  pnvoi  jtHr  le 
nMnh  1'  still  unde i wav,  and  we  heard 
on  1 v  a  progress  report. 
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ate  not  sufficiently  realistic.  for 
example,  the v  often  assume  that  the 
I  idder  has  a  perfect  estimate  of  the 
v  o  s  t  of  t  lie  project  and  is  in  a  game- 
theoretic  situation  ete  li  "U  otiier 
bidders,  stark  feels  that  estimating 
is  at  the  heart  of  thr  problem  and 
spent  most  ot  his  talk  on  "a  new  science 
o t  estimation."  He  mentioned  in  pass- 
lay  an  interesting  mathematical  insight 
on.  the  estimation  problem  on  which  he 
elaborated  during  the  (fortunately) 
lengths-  discussion  pc  ot) .  He  defines 
a  pair  of  dual  problems  ;  i.  geometric 
programming,  one  of  which  is  related 
to  t  lie  estimates  and  the  other  to  the 
..''is,  In  t  lie  stochastic  case,  a  linear 
.  -r.h  mat  ion  l  sum)  of  the  stochastic 
cost  coefficients  in  the  primal  yields 
.•  geometiic  form  (product*  of  exponen¬ 
tial  tunc! ions  of  the  sost  and  con¬ 
st  i  a  i  n  t  coefficients  m  the  dual. 

.•fence  the  I  <■  rnc  i  tends  to  a  normal 
distribution  i n  the  limit  and  the  latter 
t»  a  lognotmal  d  1  s t i i h u t  ion  .  The  theory 
ot  dual i tv  suss  that  the  optimal  so¬ 
lutions  to  the  dual  pro  loms  must  have 
t hr  same  value.  Hence  we  have  an  in 
‘leaf  ion  here  that  the  predesign  cost 
estimates  and  the  post -c enst met ' on 
cists,  b<'th  of  which  ate  random  var¬ 
iables,  should  not  onlv  be  unequal 
in  general,  but  do  not  even  co me  from 
t’r  same  d i s t r ibut l on — and  we  have  come 
reeling  for  the  skew  no  sc  of  distribu¬ 
tion  O  t  costs. 

Trot,  samuel  t  i 1  on  llapcTial  Col¬ 
lege  ot  s«  irnce  and  Technology,  London) 
gave  a  paper  on  production  scheduling 
which  also  was  net  a  new  paper.  Rivett 
had  asked  him  to  repeat  the  paper  he 
had.  given  at  the  1  1  OKs  Conference  in 
’ire  19'S.  i  These  were  exceptions — 

-  s  t  of  the  papers  at  this  Conference 
were  new.  This  more  nearly  followed 
thr  paradigm  ! page  '  h  2  )  for  papers  in 
t h i '  conference,  a*  least  as  far  a' 
parts  fii.*  and  (  i  i  l  *  were  concerned. 

(iis  examination  ot  thr  met hodol ogv  w..s 
in  terms  of  taxonomies;  static  vs 

dvnamic,  deterministic  \s  stochastic, 
single  product  vs  mul t i -product ,  single 
period  vs  multiple  peii-.l,  single  ea 
shine  vs  nul t i -prove ss mg  facilities. 

His  suggestions  for  improvement  were 
generally  related  to  an  additional 
dichotomy;  thei'ic  vs  practice,  "He 
have  to  ask  ourselves  some  searching 
questions  about  the  applicability  and 
scope  of  mathematical  modelling,  and 
about  its  shorts onings ,  particularly 
with  regard  to  its  complexity,  validity, 
accuracy,  and  flexibility." 
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”;i.  h  met  l  h  iriiv  i'  in  pri'Jii.  tii’f.  ;iac 
f  .  e .  Ml*  ptirpn-r  had  her:.  to  ,  .n!i 
x  .1  f  f  re 'earth  hcimT',  not  to  he  pessi¬ 
mistic,  and  hr  h  ‘ ti  that  tf'r.tfi!; 

•  Tier:  w  ,<u  I  d  Mtk  on  the  • n  -  I  i  f.e  ;  :  >  h 
in*  it  Tocher  ha.!  *ug  gc  ••  t  d  t 

A  tin.ll  .  ..«*»«•!••  t  from  the  f  leer 
me  f  row  k  <  i 1 h  t  he  *  t  e  t  !  or.  ,  a  ;  i  i. 

ti  v  or.  1 1 1  ller  ter  level  Hrn-.,  the 

-.ar.ut  ac  ture  <  t  »  •a;---  a  rut  T.rtrrcrtit  . 

Me  said  that  most  el  hit  time  wa*  'J  'r.t 
responding  te  interruption*  in  *u,|i. 
an,!  to  change'  in  j' rodiic  t  i on  scheduling 
which  wc:e  .ante.!  hv  marketing.  t'n  der 
the  c  i  r  us* t ance*  ho  wanted  mere  u: 

•hr  wav  ■  t  heuristic*  a  ]  ;  1  t  c  a  b  1  r  on 
.*  'it  v. otivr  to  * udden  1 '  thanked  pn-b 
len.  .  Ihr  a.iTrr.n  .  agreed  that  the 
re  .rare her*  had  not  *upp!irj  a*  r>u»  h 
■  > :  •  h  i  -  as  thev  r>  l  gh  t  . 

while  these  paper*  were  not  ncv 
r  •  •  .1  r  i  l  v  "typical  the  ah  >ve  de-c^lp- 
f  i  .  >  n  should  at  lea*t  £  I v  e  the  flavor 
o!  the  kind*  ot  paper*  and  discussion* 
if  this  thoroughly  enjoyable  conference. 
Robert  !  .  Mac  he  1  I 


See  the  hack  of  thi*  i**ue  for  abstracts 
of  current  report*. 
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l  .i  cl  *,"  on  March  .'1  and  T  ,  1 ') " l> , 
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studies 

at 

Oxford,  Mebb 

••jent  four  year*  studying  charge  trails 
fer  reactions  at  Hell  laboratories. 

■ir.ee  his  return  to  i  larendon  in  lshS, 
h<-  has  h'-en  the  leader  of  a  group  that 
ha*  a  very  productive  history  in  the 

field  of  ga*  laser*. 

Among  the  important  contr ibut ions 
made  hv  Webb’*  group  are:  Investiga¬ 
tion*  of  charg-e  transfer  recitation 
processes  in  gas  discharge  laser*. 

['.A.  Piper  r t  a  1 . .  "Ixcitatlon  Mecha¬ 
nism*  of  the  iw  He  -\*  laser."  .  :'k..e. 

—  .  V  .Vo.  /  h  ;,r.  11,  A't]  !  1  u  '  g  |  .  ) 

According  to  Nehb,  they  have  developed 
the  first  "good"  ho  1  1  o*>  -  c  a  t  hode  metal  - 
vapor  laser,  and  in  thi*  la*er  observed 
arsenic  ion*.  These  laser*  arc  based 
upon  chargr  transfer  reactions  between 
ground- state  helium  ion*  and  neutral 
metal  atom*,  a*  in 

Me*  (**|^_>  *  A*  *  Me  «  |  As  i*  ♦  ,*  f  . 

Towers  as  high  as  1/4  Mi  have  been  ob¬ 
tained  from  a  :inc  laser  of  this  type. 
They  have  also  developed  the  first 
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topper  vapor  lasei  which  i»  operable  at 
rooai  temperature.  I  1  ement  a  1  -c  oppe  r  vapor 
U'rr'  operate  at  about  1300*C,  and  cop 
per-hallje  vapor  la>ers  from  300*  to 
tu'o*C,  leading  to  pioblens  typical  of 
hi gh- t cmperature  device':  material'  which 
have  widely  different  thermal  expansiv¬ 
ities,  and  JiftKultiev  in  providing: 
u.uui  joint'  and  elect  rival  feed- 
th toughs.  laser  action  i  :i  their  new 
copper  a  cetv  lac  donate  l  u ;  C  ,H  .0,  '  , 
device  was  ohservrd  with  wall  tempera 
t  u  res  urvmj  from  to  14n*c.  It 

was  found  that  laser  power  increased 
with  temperature  to  a  saturated  value 
at  t  '  *  C .  Finally,  thev  have  improved 
d  i  s, har gc -pumped  rxcimer  lasers  hv 
■vo  v  i  nil  the  c  a;  act  tors  inside  the  gas 
mature,  i  -  m  e .!  i  a !  e  !  v  adjacent  to  the 

discharge  electrodes.  This  design  m  i  r. 
tmites  the  inductance  of  the  leads  and 
hence  optimitrs  the  pumping  pulse  shape. 

In  addition  to  his  reseat. h  and 
tea,.hm>;  duties  i  n  the  Phvsics  1'epart 
men t  at  Oxford,  hehh  tin.!'  time  in  work 
with  a  new  c omp a  n»  ,  "  ’ x  f  o r  d  laser'," 
which  he  and  his  .ol leagues  founded. 

Thev  are  produ.  ing  d  i  s  t  ha  r  gc -pue.pr  1  rx 
imer  lasers,  and  their  Mo  del  l'.'  .an 
operate  with  the  rare  gas  haliJes  Ail*. 
Inl*.  lr!  *,  tet'l*,  util  ref*.  <rr.  l  f  i  - 
cations  indicate  »  pulse  energy  ol  1  .'S 
ml  and  a*  from  A  r  I  •  and  f  r  I  * ,  re¬ 

spectively,  and  r  r.  e  r  g  i  e  s  as  high  as 
3A3  m.1  are  routinely  obtained  from  Vtl*. 

The  leaainder  of  this  article  is 
comprised  of  reports  or.  recent  gas  laser 
research  as  presented  at  the  gas  laser 
conference.  Recent  results  on  thr 
cooling  effect  on  high  power  visible 
a:  I  l!V  gas  lasers  were  presented  hv  P. 
fore 'tier  'Ait- Marseille  Univ.,  Mar¬ 
seille,  ! ranee1 .  The  ability  to  gener 
ate  ultraviolet  l»r.g-p:»lsr  laset  eo  t  s 
si  on  b  v  e-hear  rt citation  of  a  high- pres 
sure  supersonic  gas  flow  at  1 ow  temper 
at ure  was  first  reported  in  1  0  '  s  .  [P. 

forest  ter  and  P.  fontaine,  "long-pulse 
Ultraviolet  Laser  (mission  in  an  I lr. 
tron-bcam  Iscited  Supersonic  I  lew," 

4 :  I  .  i'li.f.  A_£,  S(.9  ,10*1.1.]  Two 

supersonic  no  tries  were  used  which  pro 
vide.!  the  following  gas  characteristics: 
velocity  •  Mach  l.'S,  p  *  0.43  atm, 

T  -  1  ,'i’  I  ;  and  velocity  -  Mach  .  s ,  p  • 

0.  LO  atm  and  1  »  PP  K .  f  P.l.  HIM 
Mara  (Generator  operating  up  to  '00  h V 
and  1SOO  I  with  a  ftOO-nsec  pul'ewidth 
was  used  to  produce  a  variable  c-hean 
current  density  through  a  titanium  foil 
between  T  A 'cm-  Is  ..sec)  and  TO  A/c*’ 
i 0 . S  .sec1.  In  the  paper  cited  above. 


laser  emission  from  mixtures  of 
Ne:\c:SF,  (  1  000 : 5 : 0 . ’ I  and  Se  :  SF , 
(1000:0.’)  was  reported.  At  room 
temperature,  emission  was  composed  of 
a  single  line  at  each  wavelength,  349  , 
AS1,  and  AS'  nn.  Upon  cooling  to  1  '0  K , 
the  ASl-nm  line  disappeared  and  the 
'  1  ■'  -  nn  line  spread  to  a  doublet.  So 
explanation  was  offered  for  this  change 
m  energy  distribution  among  the  dif¬ 
ferent  laser  lines. 

Strong  laser  emission  at  3  4  8  nm 
in  both  Se'Xe  'M  ,  and  Se'SF,  and  at 
5 'S  nm  in  Sr  SI  ,  in.n  at  low  temper 
atmei  was  repotted  in  the  above  refer- 
en. r  and  identified  at  the  conference 
as  coming  from  singly  ion  I  red  Se  . 

Neither  of  these  lines  was  ob  se r  v  e.i 
at  i c.r  temperature.  Also  reported 
at  the  conference  was  ver<  strong  laser 
emission  !  rom,  atomic  fluorine  at  sev 
eral  wavelengths  near  ’Pc  nm.  Thi- 
emission  results  from  excitation  of 
He  M  ,  with  r-be.im  currents  as  low  as 
a  lew  A  cm'.  So  lasing  wj.  observed 
when  the  same  gas  mixtures  were  >ixi- 
larlv  pumped  at  room  temperature. 

I  'testier  irrls  that  the  observed  laser 
lines  ate  a  result  o  1  an  increase  of 
the  amp  1 l f i . a t ion  coefficient  and  a 
dec  reuse  in  the  ah  sorption  bv  excited 
•pec  irs  at  the  laser  wavelength,  both 
a  result  of  cooling.  I  ore 'tier  also 
pointed  out  that  with  thr  use  of  aero 
dcnamic  cooling  the.  hair  ohsene.l  an 
enhancement  on  several  molecular  bands 
at  near  U\  and  visible  wavelengths. 

Also  observed  w,i«  the  appearance  of  nex 
fluorescence  bands,  not  previously 
repoited,  when  mixtures  of  rare  gases 
and  fluorine,  chlorine,  oxvgen,  or 
sulfur  donors  were  e-bear  excited. 

Two  firsts  were  tr ported  hv  Iv. 

Mohla  !  '(ax  -  F  1  ank -i.esel  1  'v  ha  f  t ,  (‘-arching, 
lRd‘  in  a  paper  entitled  "Sew  Results 
in  IJ\  -  and  MU'-l.astrx:  Halogens  and 
I n t r rha  logon s , "  The  halogens  and  inter- 
halogen*  have  recently  attracted  ion- 
'iderablc  inlerevt  because  of  the  high 
fluores.ence  quantum  efficiency  exhibited 
bv  some  of  these  molecules  (*.  J01  for 
I,'.  The  current  li't  o{  lasing  halo¬ 
gens  along  with  t  he  l  r,  e«  i  s  '  i  on  wave¬ 
lengths  is-  F,  (  1  a*  nm).  Cl,  (  S  A  nm)  , 

Pi,  (L9L  nm  i  ,  and  I,  I  M.’  nil  .  Hohla 
reported  on  the  first  la'ing  of  F, 
excited  bv  the  T1A  (transverse  excited 
atmospheric  pressure'  discharge  config¬ 
uration.  Ultraviolet  phot o-pre ion i ta- 
t i on  wa«  emplovod  and  an  excitation 
power  densttv  of  about  SO  MR /cm’  was 
used.  laser  emission  at  ISP  nm  having 
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4  0.1  nm  width  anJ  a  pulse  Juration 
ot'  10-15  nsec  was  observed.  The  ex- 
v  it  inn  thing  about  the  F,  laser  is  that 
it  provides  for  a  high  peak-power  laser 
at  a  shorter  wavelength  than  has  pre¬ 
viously  been  available. 

Mohla  also  rcporteJ  on  the  first 
1  a  s  i  n  g  of  an  i n t  e  r  h  a  1 o  g  e  n .  Under  elec¬ 
tron  beam  eve  i  tat  ion  i,  ^  nsec,  1  d/cm1), 
laser  emission  1 10  _.? )  from  (If  in  the 
fora  of  two  strong  lines  centered  around 
S  4  .  5  nm  was  observed.  The  conclusion 
that  laser  a. t ion  had  occurred  was 
based  on  three  criteria:  existance  ot 
a  threshold,  spectral  narrowing,  and 
tempo r  a  1  narrowing. 

d.M.  ilreen  itjk  Atomic  Inergy  Author- 
l  t  v  ,  ,  .ilhan  laboiatoiv,  Abingdon >  de¬ 
scribed  a  novel  technique  which  pro¬ 
vides  for  the  first  time  fine  ficqucncy 
tuning  anj  narrowing  (both  effects  are 
i -pi  led  when  the  worJ  tuning  is  used 
belnwi  of  the  output  of  a  h i g h - p o w c r 
id,  laser.  Tuning  of  T 0 ,  lasers  h a J 
been  previously  r  c  a  1 i r  e  J  with  t  h c  use 
ot  germanium  ctalons;  however,  because 
't  thermal  effects  in  germanium  and 
the  low  damage  threshold  of  eta  lor.  .uit 
mgs  at  this  wavelength,  such  tuning 
has  been  limited  to  relatively  low-power 
-ir  ises.  Tuning  of  a  high -power  is), 
t!  A  laser  at  Tul ham  was  accomplished 
with  the  use  of  an  in tracasitv  hot  sell 
containing  TT,  gas.  The  absorption  bv 
the  Ti>,  within  the  cell  fall'  within 
the  it  A  laser  gam  profile,  and  the 
resultant  laser  emission  is  composed 
of  two  maxima.  A>  the  .enter  frequency 
->  f  the  .ell's  absorption  banj  can  be 
shitted  signifuantlv  In-  v  a  r  v  i  n  g  t  h  e 
cell  pressure  an.!  temperature,  the 
frequency  of  the  two  laser  nax  ima  can 
be  varied  in  a  controlled  mariner.  The 
laser  output  power  m  the  tuned  modr 
is  virtually  the  same  as  that  in  the 
tin  tunc  J  mode.  The  width  of  the  untuned 
emission  is  about  5  nH:  (full  width 
at  half  maximum'  and  in  the  tuned  node, 
a  tuning  range  of  *.'5  t'.H :  has  been 
rea  1  l red . 

Perhaps  the  most  Important  near- 
term  application  of  tunable  high-power 
TO,  lasers  lies  in  their  use  as  an  ef¬ 
ficient  means  of  excitation  of  molec¬ 
ular  lasers.  In  such  an  approach,  es¬ 
sentially  all  of  the  power  of  an  untuned 
laser  can  be  channeled  into  a  narrow 
banJ  that  can  be  tuned  to  coincide  with 
one  of  the  absorption  bands  of  the 
molecular  laser,  tlrecn  reported  on 
the  excitation  of  a  CF»  laser  with  a 
CO,  laser  tuned  as  described  above. 


!  veil  though  only  one  of  the  maxima  was 
made  to  ionic  ije  with  one  of  the  absorp¬ 
tion  lines  of  Cl'.,  the  output  power 
of  the  Cl.  laser  was  increased  by  an 
impressive  factor  of  .’00.  It  I  s  ex 
p-ectej  that  a  paper  describing  t  li  i  s 
eltort  will  appear  in  19  "9  in  .  ;  :  •  e 

luture  work  on  tunable 
(V,  lasers  at  culhara  will  include  the 
use  of  an  e talon  to  eliminate  the  un 
used  maxima.  This  should  result  in 
further  enhancement  of  the  excitation 
efficiency  of  high-power  TO,  lascr- 
pumped  molecular  lasers. 

frequently,  one  of  the  products 
of  molecular  photodissoci.it  ion  is  in 
an  excited  state,  and  inversion  of  the 
material  w  i  t  li  respect  tr  the  ground 
state  can  be  achieved.  laser  action 
using  molecular  pho t od l s so.  i a l i on  as 
the  pumping  mechanism  was  first  demon¬ 
strated  m  atomic  iodine  in  19f*4.  Last 
ve.ir,  inversion  and  intense  super  flu- 
c-irscence  resulting  from  molecular 
phi'tpJiccoc  utien  of  and  halides  of  \a, 

k,  Kb,  is,  ar.J  11  were  reported.  S.P. 
smith,  one  of  Webb’s  students,  described 

at  t  hr  cnnterencei  the  temporal  charac 
ter ist ics  o t  t he  s upci f luorc sc enc e  ob 
sctvi-J  in  T1  resulting  from  the  raolrc- 
iiai  pho f od  i  s so.  ia 1 1 on  oi  Til,  because 

!  the  excirarr  laser  expertise  at  Oxford, 
it  wa-.  only  natural  that  thev  woulJ 
use  the  ArT  transition  at  19A  r.n  as  the 
source  cl  pump  radiation.  Then  initial 
observation  of  emission  from  11  at  J*S 
and  S'>  nm  was  made  quite  bv  accident 
in  that  these  lines  were  seen  during 
e x j er men t a t ion  on  Cul.  It  was  dis¬ 
covered  that  the  i  u I  was  contaminated 
with  about  one  part  in  10*  of  Til. 

At  this  point,  experimentation  was 
concentrated  on  Til. 

Pump  energy  was  limited  to  less 
than  1 -M*  nd  owing  to  saturation  rffects 
in  Tl,  and  the  cupe r f 1 uore sc enc c  pulse 
width  was  1  - '  nsec,  whereas  the  width 
of  the  Arl  pump  was  1"  nsre.  This 
paper  contained  the  first  report  of 
periodic  fluctuations  in  the  Output 
of  Tl.  Fluctuations  with  a  period  of 

l. T  nscs  were  observed  in  both  the  UV 
and  green  lines  and  at  low  pump  powers, 
the  fluctuations  of  the  two  lines  being 
antiphase.  As  the  period  of  fluctua¬ 
tion  Joes  not  correspond  with  the  cavity 
round-trip  transit  time,  the  fluctua¬ 
tions  cannot  be  caused  by  a  cavity 
effect.  The  origin  of  these  fluctua¬ 
tions  is  still  a  subject  of  some  spec¬ 
ula  t  i  on . 
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Only  4  .'t  the  •**  papers  pirsentcJ 
a  t  t  he  v  on  t'e  r fiu  c  ha ve  been  re  v  i  ewcJ 
m  this  .irt  iv  1c.  As  no  proceedings 
i'f  this  voriiercnu*  are  to  be  printed, 

.1  nunber  o!  copies  ujuite  limited)  of 

•  he  conference  Handbook  has  been  made 
a\ a;  table  to  ONRL  by  The  Rutherford 

;  .» ’  o!  a  t  o  r  >  ,  the  confermcr  organising 
[  t :  o  r  a  t  o  r  v  *  Those  d e  s  •  r  i  !i g  a  c  omp  i  1  a  - 
'  .  n  t  conference  abstracts  as  oon- 
?  »  i  e  d  i  it  this  h  a  n  Jt  oo k  s  h o  u  l  d  write 

*  Otfice  o t  Naval  Research  branch, 
line,  bii  c  ' '•  ,  Y  1*0  New  h> :  k  ,  n  9  >  1 1* , 
-ivN ard  '•  *  Hughes! 

SIONALB  (g~ 

[systems 


\  ■  :  \."  'k  \ : i'k ;  oi  •  asd  m  sijms 

!  ;•.  I  ,  through  the  .i-...  1  g.<r..i  t  i  on 

•  -.  rirr.ll  group  .it  ,l;vrr.r  1  J.  J 1 1  or.  ■■  ( 

,  *  i  the  !.»!■  ■!.  it  -I  to  -t'ltiiJ.  !ti 

■  i  n  the  ..  .i-pu ■■ 

•  th<*  'Or.  i .  r  r  •*  1 1  f  Jr  I'.itis-'iuJ 
Oi'.n,  tt-.  <•  i'rntrr  'u  t  i  o  n  .i  1  .!<•  1  .i 

*  .  *.«•  t  .  :  r  '■  c  lot:  tit:  ;..c  '  \Rs  •  >•  -.  t  .»S  - 

I  i  t-J  the  !  .« '-o  r.»  1 1- >  rr  Jc>  Mg::..  .»  rt 

>  .t>-i  •  I  '■  ..t  the  !  i  ■  lr  -upf  r  i  eur  r 

•  1 1  i  r  .  t  i  i  i  1 1  1  •>!  i •  i  1  -  u  r  -  l  v  <  t  » <•  , 

.1  '  u;  I  r  •  •  r  i  1  r  >  ini  of  Ot  on  ,  in  t  h  < 

!  1 1  .i  i  .iMtSf'tni’.  r::ur,>ro  of  1'jr  i  .. 

.  .  ifperateJ  -omtli  bv  the  iSRc 
in  !  1  m  Jitfitui  i'  Prof.  Bernard 

•  1 1  i  -.h’fii' ,  widely  kr.oktl  for  hi  -  .o;i 

■  .  .  n-jiiu  .it  in:;  theorv,  random  pro- 

.  **■.'.  r  ■.  ,  ,ir.!  signal  .iii.i  1  vs  i  v .  i'lcinbono 
i  i  turner  j  rr  M.lrilt  ■  !  tr.r  bi-S  also 
i  1  1  <-  !  t  in  :  ve  r  •  i  1 A  Jr  P  .i  r  :  XI  and  ..r, 

.i .  .  or  j- 1  i  she  J  pianist. 

the  I  .  n  h  .<  ••  ,i  staff  '  f  .ihmit  t  h  i  r  t  v  , 
»’  .re  JiviJrJ  .»“•  -rig  .rvti  research 
,i  t  r.i  -  ii  gri.t  1  Ana  1  •  •  i  •  ,  hr.<  !r.)  hv 
Pt  X:,!rA  HI  atii  -1  ..pirrrr  ,  Director 
•-rrr.il  of  the  I  -i  ;  itrm,  under  I'r  . 

Pi  •-  r  t  r  BrrtranJ;  !  n  dust  r  ia  1  Automation, 
1>,1  h.  Pr-  f.  Daniel  Viai.lt,  Anot  U!c 
Dire.  Tor  M  the  IT''.  Bi.-ivMre.,  iti.Jrr 
i'r  Ra.nond  Duprr.lu;  Solar  Inrrgy 
ir-.J  •'  .it  i  H  ual  Optic'.,  both  hcaJe.i 

•  •  I'r.  hristine  Brnard,  an.l  flcctro- 
-lO'ot  i  i-,  led  h.  Prof,  file  Roubinc, 
widely  known  for  his  work  on  antennas. 
There  are,  in  aJdiTion,  half  a  Jotcn 
technicians  an.!  over  a  dozen  students 

-or.r  f  run  other  countries,  carrying 
or,  thesis  research  toward  advanced 
degrees  to  he  conferred  hv  campuses 
'.I  and  XI  of  the  University  of  Pans. 


Signal  Analysis  and  Communications 
is  the  largest  of  the  seven  groups, 
and  it  includes  Picinbono.  Blanc- 
Laptcrre  is  particularly  interested 
in  deterministic  nonstationary  nonlinear 
svstems  describable  by  Volterra  series 
and  in  related  questions  of  ergodicity. 

In  t  fie  area  of  mathematical  modeling 
his  group  has  obtained  various  results 
concerning  the  ergodicity  of  second 
and  higher  moments  of  random  processes 
that  have  a  degree  of  homogeneity  in 
time  hut  may  not  be  stationary,  such 
as  the  phase  of  a  frequency-modulated 
signal  or  of  a  narrow-band  random 
no  l  se . 

Picinbono  has  considered  the  exact 
estimation  of  the  power  | second  moment) 
of  a  random  process  of  known  spectral 
shape.  It  involves  sampling  the  pro¬ 
cess  and  o rthogona 1 l : ing  the  set  of 
samples  by  multiplying  bv  the  inverse 
of  the  correlation  matrix.  This  works 
best  when  the  support  of  the  spectrum 
i  infinite,  as  a  record  of  finite 
length  then  effectively  permits  aver¬ 
aging  over  an  arbitrarily  large  number 
of  independent  variables.  Picinbono 
is  also  doing  related  work  on  signal 
detection  and  on  no l sc -con t rol 1 ed 
automatic  gain  control.  The  latter 
involves  linear  filtering  to  remove 
t'e  -ignal,  to  leave  a  residue  whose 
power  is  the  same  whether  or  not  a 
ignal  is  present.  (Cf.  B.  Picinbono, 
"Adaptive  Signal  Processing  for  Detec¬ 
tion  and  Communication",  pp.  t>)9-6(>0 
in  .T  ,  k  ,  Skwirzynski  (ed.),  fommwn  i'ea- 
•  :  r-.i  Fandom  Procttt  Th*rru  , 

Sitthoff  V  Noordhoff,  Winchester,  MA. 

1 9 ’ K  (the  proceedings  of  a  VATO  Ad¬ 
vanced  Study  Institute;  FeA  11-10:400, 
51-10:402,  32-5:90) . J 

Other  topics  treated  by  this  group 
include  spectral  analysis  and  adaptive 
signal  detection  and  estimation. 

During  the  academic  year  1977-1978 
I’rof,  Louis  L.  Scharf  of  Colorado  State 
Un  i  v . ,  Fort  Collins,  was  at  the  L2S 
on  sabbatical,  investigating  the  con¬ 
nections  between  classical  methods  of 
spectral  analysis  and  more  recent  methods 
utilizing  autoregressive  and  autoregres¬ 
sive  moving-average  models.  He  also 
investigated  data  reception  and  phase 
estimation  employing  the  Vitcrbi  al- 
gori thm. 

Another  well-known  member  of  this 
group  is  Dr.  Odile  Macchi,  whose  work 
has  dealt  with  adaptive  digital  fil¬ 
ters,  adaptive  channel  equalization, 
point  processes,  and  optical-fiber 
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^omuntcition.  She  his  recently  turned 
her  attention  toward  correction  of 
the  relatively  rapidly  changing  phase 
relation  between  the  carrier  bringing 
data  through  a  channel  and  the  refer¬ 
ence  oscillator  at  the  receiving  er.d. 
lor  this  purpose,  she  use'  two  equal 
i  :ers  in  cascade.  The  first,  which 
has  a  large  number  of  coefficients  i  \ 
in  the  esperiaental  version  I,  corrects 
intersvmbol  interference  but  i'  trans 
parent  to  the  phase  fluctuations. 

The  second,  called  the  litter  equal- 
i:cr,  is  a  one -c oe f f l c lent  stochastic* 
appro v ima t ion  algorithm  that  can  adapt 
len  rap  idle  to  phase  and  amplitude 
litter.  Particular  attention  has  ‘-eon 
given  to  correction  of  the  drift  due 
to  the  frequence  difference  between 
the  carrier  and  the  demodulating  os: 1 
1 j  t  o r ,  which  cannot  he  handled  b •  j 
classical  equal  tier.  the  'ittet  eqi.il 
i  :  e  r  takes  the  p  1  jc  e  n  t  the  ;■)  a  s  e  •  1  oc  l  e  .1 
loops  otherwise  needed  for  t  t  e  ,.irn. 
tracking  and  thus  permits  ta-ti-r  opera 
t  ion . 

This  work  is  bring  c air  led  out 
m  v ol labor  a t ion  with  the  rntre  Nation 
al  J’ltudc  drs  T#lf.  nm-eini .  at  ions  Phil 
in  Paris,  which  will  p  r  side  a  version 
of  the  equal  i  ter  suited  to  .omplev  adap 
til  ion;  the  one  constructed  at  the  I  .’ s 
is  onlv  a  real  equalirer.  It  will 
be  used  to  handle  M  ,  400 -b i t ' -pc r • sec ond 
transmission  over  a  telephone  line  at 
a  .’4i)d-baud  rate.  Thi'  verv  high  hit 
rate  is  achieved  hv  using  ln-phase  dif 
f  e  rent  i  a  1  *pha  sp  •  sh  i  f  t  kevmg  and  a 
choice  of  4  amplitudes  for  each  phase, 
with  Id  different  amplitude  values  a  1 
together.  iNorm.il  telephone  lines  .-rdi 
nan  lv  do  not  carry  mi>re  than  hits 

per  second.!  Another  area  of  !..'b-iM  1 
c o I lahorat ion-— w i th  the  (NIT  laborat  t> 
m  lannion,  Srittanv,  in  this  instance- — 
is  Macchi's  work  on  adaptive  correction 
for  a  wandering  notch  in  the  frequency 
response  of  a  microwave  transmission 
cv s  t  em  . 

The  Nvstems  group  is  developing 
increasingly  comples  models  for  biolog¬ 
ical  and  chemical  systems,  for  trans 
portation  and  commun ica t i on  networks, 
and  for  educational,  urban,  and  economic 
app 1 i cl t ions .  Their  research  includes 
numerical  as  well  as  theoretical  inves¬ 
tigations  of  control  systems,  whose 
c omp 1 ei i t i es  often  necessitate  nonopt i • 
ma  1  solutions.  System  identification 
is  their  primary  biological  problem, 
while  in  the  chemical  field  it  I'  the 
nonlinearity  of  quantitative  chromatog 
raphv . 


The  Industrial  Automation  group's 
interests  are  generally  in  more  spec  if l 
practical  applications,  such  ;r  the  tes¬ 
tification  of  the  applicable  differen¬ 
tial  equations  jnd  the  contiol  of  an 
oven,  and  the  automatic  correction  of 
. o 1 o r - t e 1 ev i s  ion  transmitters.  The 
Hi-'svstens  gioup  has  concentrated  on 
the  caninet  c  a  r  d  iov a  >c  ul  ar  system  m 
.lose  go  1 1 ahnru t  ion  with  the  lent  re 
J'l  tudes  des  Techni'iues  i  h  i  ru  r  g  l  c  a  1  e  •- 
de  1  1  Hflp  1 1  a  1  H  i  on  s  s  a  i  s  and  t  h.e  Sen  :.c 
dr  P  I  oph  v  s  i  qur  du  ‘II!1  ‘ochin.  h|th 
lather  limited  means,  t  1  s  group  a - 
-allied  out  .linic.il  me  .1  u  rerun  t  '  and 
b..is  .!  e  ce  1  oped  ra  t  !ii-ru  t  ;  v  a  I  models  ol 
the  heart  f  .gw  ;  ion  I  ...  toe  pulnonaiv 
■  in  il  l!  netw-'ik,  in.  lading  the  effects 
•  !  ;  h a :  r. ,n  o  1  og  i c  a  1  a,  i-nt  '. 

I  he  --m,.i !  1  M  a  *  i  -  •  ; ,  a  1  Pp  in-  .  i  a; 

has  .  omj  a  r e  J  the  .  1  .o  -  n  a  1  and  *j  old  e 

theories  ot  oitic.il  c  c*l.c- 1  en.  c-  and, 

;  1 1  t  i a  I  l  c  i  r.  %  .  - 1  1  a1  ■■  i  a t  i.-r.  with  ‘  N. 

”.  .mtijon,  hi-  turned  its  at  tent  I  >-n  t  ■ 
wild  op  t  i  c  a  1  c  onmuri  i .  a  t  i  on  ,  It  !:  a  ' 
•tii.leu!  c  h.inne  1  -  c  a;  a.  i  t  v  and  .  c-din, 
problems  in  the  situation  c1  i n  a  ]  ! 
n  or  ig  mate-  ir.  the  detect.!,  ..-id 

it  has  1 1  e  r e l  i  c  a  1 1  .  investigated  t  hi 
e  !  !  ec  f  of  c  I  a  s  -  *  i  i 1  <  r  .  u  i  .ituu  on 

p  i  p  a  g.i  !  I  on  .  Its  ;  i  n  i  !  a  I  sou 

a-,  the  1  a  1  ,  neii  -  1  -u;  ,  in  which 

l  -  - 1  e  thee  i  .-.Il.ib-i.iti  with  the  i\k'- 

I  ■-  up  e  !  * !  t  ude  ••  I  h.  1  m  i  ae  *  .  In  this 
field  t’-eir  appr-'.ic’,  Is  a-.iin  static 
t  i  c  a  1  ,  level  oping  a  -.it  m  t  i.  al  -.-del 

I  t  he  incident  s  --l.it  mten-.it-.  as  a 

to.  hast  i .  pt-cecs  in  eider  t.  deter 
-trie  the  uppioptiale  ■-  [  .-<•  ot  .m  e-iergv 

'  I  1  i-c  t-'r  . 

I  l  n.v  1  v  ,  t  he  I  1  i-c  t  i  or  i|-i.e  t  1 1  g  1  ouj 
h.t-.  beer  able  to  support  a  good  deal 
■' t  thesi.  ii  search  on  d  i  f  t  i  ac  t  i  on  and 
propagation  deepitr  its  bavinc  to  share 
the  time  of  all  of  its  staff  me-h . i s 
with  various  academic  activities, 
i  irri-nt  work  has  concerned  radiation 
hv  apertures  a  n  J  dielectric  mo  .1 1  a  ,  all 
of  which  have  been  invest  lg.itr.!  both 
e v pe r i men t a  1 1 y  anj  thiough  calculation. 
The  evperincnt.il  approach  had  lagged 
he, ause  of  a  lack  of  equipment  and 
facilities,  but  this  problem  i s  now 
fairly  well  corrected. 

The  l'h  is  still  in  the  process 
of  unifying  the  various  groups  that 
it  has  brought  together,  which  repre¬ 
sent  Jiversc  levels  of  personnel  and 
resources  as  well  as  distinct  interests 
Rut,  it  includes  a  number  of  verv  good, 
very  well-known  people,  whom  it  shares 
with  various  campuses  of  the  Univ.  of 
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Pans  and  with  the  1  SI  .,  It  can  he  an¬ 
ticipated  that,  becau'f  ot  their  ad¬ 
vancing  vears,  Blanc -lap irrre  and 
Roubine  will  coon  retire,  hut  Picinhono 
and  others  can  he  expected  to  maintain 
the  high  qua  lit  v  ot  the  US's  work. 
(Nelson  M ,  Blachman,  i'.II  Nvlvatua  Inc., 
Mount  a i n  V i ew  ,  i  A i 
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IMSW8  &  NOTES 


ill  Ron  AN  UNDERSIA  BIOMEDICAL  SOiIITT 

mt  \n\hvi  m*t ptht t i^~Mn*TTvr  ~~ - 

The  :>  t  ii  Annual  iMtitn  Meet  in>; 
nl  the  luropi-an  '.Itiilef'ea  H10raeJ1e.il 
soviets  k.is  helJ  in  Bergen,  Norway, 
on  S-b  Julv  I'l'u.  Ihere  were  a  total 
, ' ;  c)  j>  re  :•  ell  t  a  t  i  or:  •>  anJ  over  ISO 
participants  were  rent  Here.!,  A  Is., 
included  in  the  program  was  a  hull 
afternoon  t.'ur  of  the  facilities  an., 
selected  proie.ts  ot  the  recently 
opened  Norwegian  Underwater  Inst  itlltr 
, NU I  .  ,  Norwavs’s  lead  my  research  e» 
t  at'  1  i  s  hmen  t  in  the  fields  of  under 
water  technology  and  physiology. 

Topics  to  which  papers  were  ad¬ 
dressed  included:  Norwegian  and  wWe  J  «  sh 
Jiving  safety  ph  t  1  osoph  i  e'  ;  hvperharu 
evacuation;  overview  of  ongoing  re 
search  in  Norway;  air  decompression 
table  optimization  well ;  pathology 
asso.iated  with  diving  accidents; 

Hubble  detection  after  isobari.  gas 
switches;  effect  of  oxygon  breathmy 
after  Jiviny  ar.d  before  flviny;  tis 
sue  inpedance  methoJ  s>  f  detectiny 
bubbles;  neuropat  ho  toy v  of  dec rompres 
sion  sickness  lesions  (  tx  b  i  m  y  o  a  t  s  ; 
heraa to  1  o y  l  c a  1  and  biochemical  changes 
in  a  group  of  North  bea  divers,  red 
cell  and  perceived  temperature  sen 
sat  ion  changes  during  Jeep  heliox 
Jives;  effects  of  high  oxvgrn  tensions 
and  increased  ambient  pressure  on 
circulation;  exercise  ventilators' 
capacity  at  depth;  a  microprocessor 
to  attempt  energy  expenditure  esti 
nation  in  working  divers;  nitorgen 
metabolism  during  deep  saturation 
Jives;  review  of  dysbanc  osteonecrosis; 
changes  m  xenon-lAA  clearance  from 
rabbit  bone  narrow  and  skeletal  muscle 
during  simulated  dives;  value  of  scin¬ 
tigraphy  in  Jvsbaric  osteonecrosis; 
transcutaneous  measurement  of  oxygen 
partial  pressure  during  diving  experi¬ 
ments;  increase  of  neuroamines  related 
to  hyperoxia;  ear  clearing  in  divers; 
bubble  detection  following  heliox 
bounce  dives;  and  possible  attentuation 
of  hyperbaric  hvper- re f 1  ex ia  by  nitro¬ 
gen  , 

For  more  information,  refer  to 
the  complete  meeting  to  be  published 
in  a  forthcoming  ONRL  conference  re¬ 
port.  (LCDR  R.F.  (load,  MC,  USN, 
Exchange  Office  in  Underwater  Medicine,- 
Institute  of  Naval  Medicine,  Alverstoke, 
Gosport,  Hampshire,  UK) 


A  .TACK-  1S-TII1  -BOX  WEATHER  STATION 

Drs,  G.  Peckhan  and  J.  Barton, 
Meteorologists  in  the  Physics  Depart¬ 
ment  of  Heriut-katt  University  in  Edin¬ 
burgh,  are  working  on  the  second  gen¬ 
eration  of  automatic  weather  stations 
for  use  on  the  tops  of  the  highest 
mountains  m  ScotlanJ.  The  prototypes 
have  become  encased  in  soliJ  blocks 
ol  ice  m  the  winter  and  became  inop¬ 
erable  for  long  periods  of  time. 

The  current  nojels  of  the  weather 
stations,  on  Cairngorm  Summit,  north 
of  I  ■.!  inburgh ,  are  about  the  site  and 
shape  of  a  S  '■•- ga  1  1  on  oil  drum.  The 
net corol og l cal  sensors  are  fastened 
to  a  framework  under  the  lid  of  the 
case.  Most  of  the  time  the  case  is 
closed  with  the  sensors  inside.  Th. 
case  is  heated  electrically  so  that 
no  ice  will  form  on  it,  the  electric 
ltv  coning  from  the  Cairngorm  ski  lift. 
Whenever  it  is  time  to  make  observa¬ 
tions,  a  timer  triggers  a  mechanism 
that  pushes  both  tin-  frame  holding  the 
sensors  and  the  lid  to  the  case  up 
above  the  case  so  that  the  sensors 
are  exposed  to  the  weather  and  obser¬ 
vations  can  he  made.  The  sensors  are 
then  lowered  into  the  heateJ  case  and 
the  lid  closes  to  wait  for  the  time 
cs  {  the  next  observation.  The  data 
obtained  o  sent  by  shortwave  radio 
to  manned  stations  at  lower  altitudes. 
(Wayne  V.  Hurt i 


Till.  NORWEGIAN  UNDE RWAT1  R  INSTITUTE, 

?rniTTTX;^WXT - - - 

The  newly  completed  Norwegian 
Underwater  Institute  (  Nil  I  )  representing 
an  investment  of  approximately  $b  mil¬ 
lion,  is  located  lust  around  the  corner 
from  thr  excellent  harboT  in  Bergen, 
Norway ,  and  it  is  a  major  center  of 
underwater  technology  research  and 
development  in  Norway,  particularly 
that  dealing  with  off-shore  oil  devel¬ 
opment.  Bergen  is  one  of  the  busiest 
shipping  ports  in  Scandinavia  and  is 
located  within  a  short  distance  of 
Norwegian  off-shore  activity. 

The  Institute  is  organized  as  an 
independent,  nonprofit  organization 
which  is  dedicated  to  research  and 
development  in  manned  and  unmanned 
underwater  science  and  technology. 

The  ownership  of  the  Institute  is  SOI 
by  the  Royal  Norwegian  Council  for 
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SiU'ntn'ic  and  Industrial  Research 
(NTNT'l  and  Uet  Norske  Veritas,  a  pri¬ 
vate  industrial  certification  organica- 
I  ion.  This  arrangement  provides  a 
(treat  deal  of  flexibility  and  allows 
the  Institute  both  to  solicit  and  re¬ 
spond  to  existing  research  needs  and 
opportunities  m  these  areas.  Its  Pi 
rector,  Pr  .  System  Mart  insen,  previ¬ 
ously  with  i'HM!  S ,  is  vigorously  pursuing 
this  approach. 

The  Institute,  situated  right  on 
the  water  in  a  sheltered  cove,  is  well 
laid  out  with  all  support  facilities 
tangentially  arranged  on  several  floors 
so  that  quick  access  to  the  main  hyper¬ 
baric  facility  is  readily  available. 
Administratively,  VP  I  is  organised  into 
four  main  sections  dealing  with:  11 
medical  physiological  problems; 
safety  and  training:  P  underwater 
instrumentation  systems;  and  41  facil¬ 
ities  and  technical  testing.  'several 
protects  now  ongoing  in  each  o t  these 
sections  are  being  pursued  with  y  on  - 
siderable  c  ol  labora  t  ion  with,  different 
research  and  development  groups  in  the 
Bergen  area  and  throughout  Norway. 

One  of  the  striking  attributes 
of  the  very  newlv  formed  Institute  is, 
in  fact,  the  ritril  to  which  it  has 
availed  itself  ot  outside  interest 
and  consultants  m  a  number  o t  projects. 
Thus,  it  has  quick lv  moved  up  to  the 
state-of-the-art  awareness  in  all  o f 
these  areas  and  is  now  a  major  world 
center  of  this  activity.  Again,  the 
nature  of  its  organisation  and  mission 
makes  this  much  more  efficient  than 
would  a  si  mill  i  institute  housed  either 
under  the  shelter  of  a  government  lab 
or  alternatively  as  a  university  off¬ 
shoot.  Both  the  practical  and  thro  ret 
i c a  1  a  p  p  r  o  a  c  h  are  well  mixed,  and  this 
always  provid.es  a  healths-  environment. 

Particularly  promising  at  the 
present  tine  from  the  point  of  view 
of  diving  safety  is  the  underwater 
instrumentation  group  headed  hv 
Sturle  S^vik  which  has  several  projects 
dealing  with  alternative  techniques 
for  biomedical  gas  monitoring,  acoustic 
bubble  sensing,  and  ventilation  measure¬ 
ment  as  well  as  underwater  communica¬ 
tions.  Thus,  the  Institute  has  collab¬ 
orative  programs  with  University  of 
Bergen,  adjacent  hospitals,  Cbristien 
Mickelson  Institute  in  Bergen,  and 
several  laboratories  in  the  United 
States.  Also,  the  physical  organita- 
tion  of  the  laboratory  in  providing 


all  required  facilities,  library,  and 
lounge  as  well  as  its  proximity  to 
Bergen  all  contribute  to  efficient 
transfer  of  information  between  and 
within  different  specialties. 

(Brian  C.  U'Aoust ,  Director,  Hyperbaric 
Physiology,  Virginia  Mason  Research 
tenter,  Seattle,  W’A ) 


ONRL  NI  BS 

The  last  of  August  was  the  depar- 
tute  of  three  of  our  scientific  staff, 
however  you  will  still  be  hearing  from 
them  through  the  pages  of  l.SN  for 
several  months  to  come.  We  hade 
farewe II  to : 

Pr.  Martin  Lessen  (Mechanical  l.ngi- 
neer  i ifgT  "wTkTIi a s  returned  to  his 
forncr  position  as  Yates  Memorial 
Professor  of  I ng i nee r mg  of  Mechanical 
and  Aerospace  Inginecring  at  the 
University  of  Rochester. 

Pr  .  deft'  Perkins  (Materials  Science/ 
McTaTI  urg  i  s  t L)  ,  who  has  returned  to 
the  Naval  Postgraduate  School,  Monterey, 
i  A  as  Associate  Professor  of  Materials 
Science  in  the  Department  of  Mechanical 
i ng  i  nee r  ing . 

Pr  . _ Robert*.  Rjosjtjon  (Physicist 

'.'sp.lv  <■ 1  ]  r  wTio~li.is  returned  to  his 
former  position  with  the  Defense 
i  omnwn i c a T l on s  Agency  in  Washington, 

P.i  . 

We  wish  them  bon  voyage  and 
snoot h  sailing’ 


P!  R  SOS  A I 

The  Institute  of  Phvsics  has 
elected  the  following  members  as 
Honorary  Officers  and  Members  of 
t’ounc  i  1  : 


V i c e -  Trcs  i den t  -  Pr  .  .1  ■  Goddard 
(City  of  London  Polytechnic);  Honorai v 
Treasurer  -  Prof.  d.M.A,  l.cmhan  (re 
elected.  Honorary  Secretary  :  P7of . 

I.  .R.  Pohh s  f  re-elected)  ;  and  Ordinary 
Members  oT  Council  -  Prof.  P. K,  Carrol  I 
(Univ.  College  of  Dub  I  in) ,  Prof. 

P. T.  tandsbe rg  (Univ.  of  Southampton)  , 
and  Sir  leuanMaddock  FRS  (British 
Association  Tor  the  Advancement  of 
Science,  London) . 
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Or.  T.J.  Briscoe,  Professor  of 
Physiology,  Bristol  Univ.  Medical 
school,  has  beet:  appointed  to  the 
I od re  1 1  I'hatr  of  Physiology,  University 
College.  1  or.  Jon,  iron  1  August. 

For  the  first  tine  since  it  was 
c  i  o.i  teJ  tort'-,  the  French  Ac  a  Jem  v  of 
.•c  lOtices  ha'  elected  .i  soman  member. 

Dr.  Yvonite  t  h«uue  Hruh.it  .  Mrs.  t'hoque- 
RruT.at  V.i s  '  eon  a  TuTl  professor  .it  the 
parts  Faculty  of  Science  and  then  at 
the  liin  .  ot  Paris  VI  shore  she  teaches 
analytic  mechanics  and  celestial 
nechan  ic s . 

Dr  .  i> .  Mara.  Senior  lecturer  in 
.'i »  :  l  Tffg  l  nee  t  I  rig  ,  llim  .  ot  Dundee, 
has  been  appointed.  I  o  the  nrvlv  created 
second  Chair  ot  Civil  !  ng meeting  at 
the  -lr.  t  v  .  ot  i.eeas,  from  1  October. 


OH :  t '  A  R  > 


Feodor  l.vrien,  Nobel  laureate  t  ti 
Medicine  and  Phvsiologv  m  1  t*e» 4  .  died 
in  Munich  8  August  at  the  age  of  b.S. 

!fe  ».is  a  pioneer  in  fat  tv  as  ids  research 
and  vas  awarded  the  Nobel  Prite  for 
his  research  into  organic  metabolism, 
tie  '.as  Pi  re.  t  or  of  the  Mas  Planck 
Institute  t'  t  Crllchemie  in  Municr. . 
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i:  CLEISCHNER  soon: TV  nil  ST  SYMPOSIUM  by  I  .M.  Creundlich 

ic  annua  1  Svmpos  ium  of  flu*  !'  it’  i  schntT  Society  is  the  major 
of  the  vear  in  chest  radiology*  The  society's  multi- 
i  ip  1  inary  approach  is  conducive  to  important  papers  and 
■;osia  concerning  chest  disease  that  may  hear  only  indi- 
•v;i.  on  the  practice  of  radiology.  While  there  was  no 
ingle  unifving  theme,  the  meeting  was  highlighted  by  Sackner's 
■view  of  his  work  on  the  mucociliary  transport  mechanism 
i  asthma,  Weibel's  impressive  lecture  on  the  microstructure 
f  the  lung  and  its  relationship  to  pulmonary  physiology, 
id  West’s  plans  tor  future  experiments  during  weightlessness. 


111!  PhPAKTM!  VI 
h v  W .  Hurt 


Ol'i  ANiUlRAPHY,  II  N  I  VCRS  I  TV 


UVI  RPOOC , 


The  I'epar  traen  t  of  Oceanography  at  the  University  ot  Liverpool 
is  the  oldest  of  the  three  oceanographv  departments  in  the 
UK.  Its  research  i'  largely  m  phvsical  oceanography  and 
marine  atialvtic.il  chemistrv.  A  full  r.inge  of  courses  i  x 
'ffered  m  ph vs  teal  and  chemical  oceanography.  Students 
at  v  working  for  undergraduate  honors  degrees  m  oceanography 
and  the  MS  and  PhP  degrees. 

iuhoi'ias  in-fa  <viis:  a  compute  report  01  the  .nisi:  1 9 -s 

SURVEY  bv  t'.  Williams,  I>.  Mart,  T.  Meador,  A.  ulista, 
i.  Allard  ,  Proprietary  information  distribution  limited  to 
US  (".overnment  agencies  onlvl 

This  report  documents  the  findings  of  a  series  of  visits 
to  industries  working  on  fibre  optics  technology  in  Europe. 
Thirteen  companies  in  five  countries  were  visited.  These 
companies'  activities  range  from  limited  involvement  in 
component  development  through  entire  fibre  optics  systems 
development  and  research  on  all  relatrd  technologies.  A  mas¬ 
sive  effort  is  represented  bv  the  collective  activity  and 
investment  being  dedicated  to  this  emerging  technology  in 
Europe.  Present  anJ  future  activities  of  these  companies 
deserve  further  evaluation  from  military  research  managers 
who  uv  be  planning  to  make  use  of  fibre  optics  technology 
for  military  applications. 
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